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(57) ABSTRACT 

Compounds of formula 1 or pharmaceutically acceptable 
salts thereof are provided: 

Formula 1 

Which are agonists and partial agonists of the 2c subtype of 
brain serotonin receptors. The compounds, and composi 
tions containing the compounds, can be used to treat a 
variety of central nervous system disorders such as schizo 
phrenia. 
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DIHYDROBENZOFURANYL ALKANAMINES AND 
METHODS FOR USING SAME AS CNS AGENTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present invention claims priority bene?t of 
US. Provisional Application Ser. No. 60/514,266, ?led Oct. 
24, 2003, Which is incorporated herein by reference in its 
entirety for all purposes. 

FIELD OF THE INVENTION 

[0002] The present invention relates to novel 1-(2,3, 
dihydro-1-benZofuran-2-yl)alkanamine derivatives that act 
as agonists and partial agonists of the 5-HT2c receptor, 
processes for their preparation, and their use in medicine. 

BACKGROUND OF THE INVENTION 

[0003] SchiZophrenia affects approximately 5 million 
people. The most prevalent treatments for schiZophrenia are 
currently the ‘atypical’ antipsychotics, Which combine 
dopamine (D2) and serotonin (5 -HT2 A) receptor antagonism. 
Despite the reported improvements in efficacy and side 
effect liability of atypical antipsychotics relative to typical 
antipsychotics, these compounds do not appear to 
adequately treat all the symptoms of schiZophrenia and are 
accompanied by problematic side effects, such as Weight 
gain (Allison, D. B., et. al., Am. J. Psychiatry, 156: 1686 
1696, 1999; Masand, P. S., Exp. Opin. Pharmacother. I: 
377-389, 2000; Whitaker, R., Spectrum Life Sciences. Deci 
sion Resources. 2:1-9, 2000). 

[0004] Atypical antipsychotics also bind With high affinity 
to 5 -HT2c receptors and function as 5 -HT2c receptor antago 
nists or inverse agonists. Weight gain is a problematic side 
effect associated With atypical antipsychotics such as cloZa 
pine and olanZapine, and it has been suggested that 5-HT2c 
antagonism is responsible for the increased Weight gain. 
Conversely, stimulation of the 5-HT2c receptor is knoWn to 
result in decreased food intake and body Weight (Walsh et. 
al., Psychopharmacology 124: 57-73, 1996; CoWen, P. J., et. 
al., Human Psychopharmacology 10: 385-391, 1995; Rosen 
ZWeig-Lipson, S., et. al., ASPET abstract, 2000). 

[0005] Several lines of evidence support a role for 5 -HT2c 
receptor agonism or partial agonism as a treatment for 
schiZophrenia. Studies suggest that 5-HT2c antagonists 
increase synaptic levels of dopamine and may be effective in 
animal models of Parkinson’s disease (Di Matteo, V., et. al., 
Neuropharmacology 37: 265-272, 1998; Fox, S. H., et. al., 
Experimental Neurology 151: 35-49, 1998). Since the posi 
tive symptoms of schiZophrenia are associated With 
increased levels of dopamine, compounds With actions 
opposite to those of 5-HT2c antagonists, such as 5-HT2c 
agonists and partial agonists, should reduce levels of syn 
aptic dopamine. Recent studies have demonstrated that 
5-HT2C agonists decrease levels of dopamine in the prefron 
tal cortex and nucleus accumbens (Millan, M. J., et. al., 
Neuropharmacology 37: 953-955, 1998; Di Matteo, V., et. 
al., Neuropharmacology 38: 1195-1205, 1999; Di Giovanni, 
G., et. al., Synapse 35: 53-61, 2000), brain regions that are 
thought to mediate critical antipsychotic effects of drugs like 
cloZapine. HoWever, 5-HT2c agonists do not decrease 
dopamine levels in the striatum, the brain region most 
closely associated With extrapyramidal side effects. In addi 
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tion, a recent study demonstrates that 5-HT2c agonists 
decrease ?ring in the ventral tegmental area (VTA), but not 
in the substantia nigra. The differential effects of 5-HT2c 
agonists in the mesolimbic pathWay relative to the nigros 
triatal pathWay suggest that 5-HT2c agonists have limbic 
selectivity, and Will be less likely to produce extrapyramidal 
side effects associated With typical antipsychotics. 

SUMMARY OF THE INVENTION 

[0006] The present invention relates to certain dihy 
drobenZofuranyl alkanamine derivatives and to their use in 
medicine. In one aspect, the invention relates to novel 
1-(2,3-dihydro-1-benZofuran-2-yl)alkanamine derivatives 
that act as agonists or partial agonists of the 5 -HT2c receptor. 
The compounds can be used, for example, to treat schiZo 
phrenia and the concomitant mood disorders and cognitive 
impairments of schiZophrenia. Compounds of the present 
invention are preferably less likely to produce the body 
Weight increases associated With current atypical antipsy 
chotics. The compounds of the present invention can also be 
used for the treatment of obesity and its comorbidities. 

[0007] In certain embodiments, the invention relates to 
compounds of formula 1: 

Formula 1 

[0008] 
[0009] 

[0010] R and R‘ are, independently, hydrogen, alkyl 
of 1 to 6 carbon atoms, cycloalkyl of 3 to 6 carbon 
atoms, or alkylcycloalkyl of 4 to 12 carbon atoms 
having 3 to 6 carbons in the cycloalkyl ring; 

[0011] alternatively R and R‘ can be taken together 
With the nitrogen to Which they are attached to form 
a ring containing 2-5 carbon atoms, Wherein one of 
the ring carbon atoms is optionally replaced by 
nitrogen, sulfur or oxygen. 

or pharmaceutically acceptable salts thereof; 

Wherein 

[0012] R1 and R2 are each, independently, hydrogen, 
alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 to 6 
carbon atoms, or per?uoroalkyl of 1 to 6 carbon 
atoms; 

[0013] R3'‘) and R3b are, independently, hydrogen, 
halogen, hydroxyl, alkyl of 1 to 6 carbon atoms, 
per?uoroalkyl of 1 to 6 carbon atoms, alkoxy of 1 to 
6 carbon atoms, or per?uoroalkoxy of 1 to 6 carbon 
atoms; 

[0014] tWo adjacent substituents selected from R4 
and R5, or R5 and R6, or R6 and R7, together With the 
carbon atoms to Which they are attached, form a 
cyclic moiety selected from a monocyclic cycloalkyl 
of 3 to 8 carbon atoms, a bridged cycloalkyl of 5 to 
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10 carbon atoms, a 3 to 8 membered heterocy 
cloalkyl having 1 to 3 heteroatoms each indepen 
dently selected from nitrogen, oxygen, or sulfur, aryl 
of 5 to 10 carbon atoms, or a 5 to 10 membered 
heteroaryl having 1 to 3 heteroatoms each indepen 
dently selected from nitrogen, oxygen, or sulfur, 
Wherein the monocyclic cycloalkyl or the heterocy 
cloalkyl cyclic moiety may be optionally substituted 
at a single carbon atom With a cycloalkyl of 3 to 5 
carbon atoms or a 3 to 5 membered heterocycloalkyl 
containing 1 or 2 heteroatoms each independently 
selected from nitrogen, oXygen, or sulfur, to form a 
spirocyclic group; 

[0015] the remaining R4 to R7 substituents are, inde 
pendently, hydrogen, halogen, cyano, hydroXyl, car 
boXyl, alkyl of 1 to 8 carbon atoms, per?uoroalkyl of 
1 to 6 carbon atoms, alkoXy of 1 to 6 carbon atoms, 
per?uoroalkoXy of 1 to 6 carbon atoms, aryl of 5 to 
10 carbon atoms, aryloXy of 5 to 10 carbon atoms, 5 
to 10 membered heteroaryl having 1 to 3 heteroat 
oms each independently selected from nitrogen, oXy 
gen or sulfur, alkenyl of 2 to 8 carbon atoms, 
alkanoyl of 2 to 6 carbon atoms, alkanoyloXy of 2 to 
6 carbon atoms, carboalkoXy of 2 to 6 carbon atoms, 
carboXamido, alkanamido of 2 to 6 carbon atoms, 
alkanesulfonamido of 1 to 6 carbon atoms, amino, 
monoalkylamino of 1 to 6 carbon atoms, dialky 
lamino of 1 to 6 carbon atoms per alkyl moiety, 
cycloalkyl of 3 to 8 carbon atoms, or 3 to 8 mem 
bered heterocycloalkyl having 1 to 3 heteroatoms 
each independently selected from nitrogen, oXygen 
or sulfur; and 

[0016] n is 1, 2 or 3; 

[0017] Wherein any cycloalkyl or heterocycloalkyl 
group is saturated or partially saturated, and any aryl, 
heteroaryl, cycloalkyl, or heterocycloalkyl group 
may optionally be substituted With 1 to 5 substituents 
independently selected from halogen, hydroXyl, 
alkyl of 1 to 6 carbon atoms, per?uoroalkyl of 1 to 
6 carbon atoms, alkoXy of 1 to 6 carbon atoms, or 
per?uoroalkoXy of 1 to 6 carbon atoms. 

[0018] In certain other embodiments, the invention relates 
to methods for treating a patient suffering from a condition 
selected from schiZophrenia, schiZophreniform disorder, 
schiZoaffective disorder, delusional disorder, substance-in 
duced psychotic disorder, L-DOPA-induced psychosis, psy 
chosis associated With AlZheimer’s dementia, psychosis 
associated With Parkinson’s disease, psychosis associated 
With LeWy body disease, dementia, memory de?cit, intel 
lectual de?cit associated With AlZheimer’s disease, bipolar 
disorders, depressive disorders, mood episodes, anXiety dis 
orders, adjustment disorders, eating disorders, epilepsy, 
sleep disorders, migraines, seXual dysfunction, substance 
abuse, addiction to alcohol and various other drugs, includ 
ing cocaine and nicotine, gastrointestinal disorders, obesity, 
or a central nervous system de?ciency associated With 
trauma, stroke, or spinal cord injury that includes adminis 
tering to the patient a therapeutically effective amount of a 
compound of formula 1, or a pharmaceutically acceptable 
salt thereof. 
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[0019] In still other embodiments, the invention relates to 
compositions comprising a compound of formula 1 or a 
pharmaceutically acceptable salt thereof, and one or more 
pharmaceutically acceptable carriers, eXcipients, or diluents. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0020] The present invention relates to novel 1-(2,3, 
dihydro-1-benZofuran-2-yl)alkanamine derivatives that are 
agonists or partial agonists of the 2c subtype of brain 
serotonin receptors. 

[0021] The term “alkyl,” as used herein, refers to an 
aliphatic hydrocarbon chain having up to 8 carbon atoms, 
preferably 1 to 6 carbon atoms, and more preferably 1 to 4 
carbon atoms. The term “alkyl” includes, but is not limited 
to, straight and branched chains such as methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, 
n-pentyl, isopentyl, neo-pentyl, n-heXyl, and isoheXyl. In 
some embodiments, the alkyl group is preferably branched 
having 3 to 8 carbon atoms. The term “loWer alkyl” refers to 
an alkyl group having 1 to 3 carbon atoms. 

[0022] The term “alkenyl,” as used herein refers to an 
aliphatic straight or branched hydrocarbon chain having 2 to 
8 carbon atoms that may contain 1 to 3 double bonds. 
EXamples of alkenyl groups include vinyl, prop-1-enyl, 
allyl, methallyl, but-1-enyl, but-2-enyl, but-3-enyl, or 3,3 
dimethylbut-1-enyl. In some embodiments, the alkenyl is 
preferably a branched alkenyl of 3 to 8 carbon atoms. 

[0023] The term “cycloalkyl,” as used herein, refers to a 
saturated or partially saturated, hydrocarbon ring containing 
3 to 10 carbon atoms, preferably 3 to 8 carbon atoms, and 
more preferably 5 to 7 carbon atoms. Unless explicitly stated 
otherWise herein, cycloalkyl groups may be monocyclic or 
bicyclic. Preferably, the cycloalkyl is monocyclic. Bicyclic 
cycloalkyl groups are preferably bridged containing 5 to 10 
carbon atoms. “Bridged” refers to a cycloalkyl group that 
contains at least one carbon-carbon bond betWeen tWo 
non-adjacent carbon atoms of the cycloalkyl ring. Prefer 
ably, the cycloalkyl group is saturated. The cycloalkyl group 
may be unsubstituted or substituted as described hereinafter. 

[0024] The term “alkylcycloalkyl,” as used herein, refers 
to the group —R-cycloalkyl, Where cycloalkyl is as de?ned 
above and R is an alkyl moiety having 1 to 6, preferably 1 
to 4, and more preferably 1 to 3 carbon atoms. 

[0025] The term “heterocycloalkyl,” as used herein, refers 
to a 3 to 8 membered, and more preferably 5 to 7 membered 
cycloalkyl group in Which one to three carbon atoms of the 
cycloalkyl group are replaced With a heteroatom indepen 
dently selected from oXygen, nitrogen, or sulfur. The het 
erocycloalkyl group may be saturated or partially saturated, 
and unless stated otherWise may be monocyclic or bicyclic 
(such as bridged). Preferably, the heterocycloalkyl is mono 
cyclic. The heterocycloalkyl group may be unsubstituted or 
substituted as described hereinafter. 

[0026] “Partially saturated,” as used herein refers to a 
nonaromatic cycloalkyl or heterocycloalkyl group contain 
ing at least one double bond and preferably one or tWo 
double bonds. 
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[0027] The term “spirocyclic,” as used herein, refers to 
tWo optionally substituted cycloalkyl groups, tWo optionally 
substituted heterocycloalkyl groups, or one optionally sub 
stituted cycloalkyl group and one optionally substituted 
heterocycloalkyl group that are joined by a single sp3 carbon 
atom that is the only common member of the tWo joined 
rings. 

[0028] The term “aryl,” as used herein refers to a 5 to 10 
membered carbocyclic aromatic ring. Unless stated other 
Wise, the aryl may be monocyclic or bicyclic, and may be 
substituted or unsubstituted. Monocyclic aryl groups pref 
erably have 5, 6, or 7 members and bicyclic aryl groups 
preferably have 8, 9 or 10 members. Exemplary aryl groups 
include phenyl and naphthyl. 

[0029] The term “aryloXy,” as used herein, refers to the 
group Ar—O—, Where Ar is an aryl group of 5 to 10 carbon 
atoms as previously described. 

[0030] The term “heteroaryl,” as used herein, unless stated 
otherWise, refers to a 5 to 10 membered monocyclic or 
bicyclic carbon containing aromatic ring having 1 to 3 of its 
ring members independently selected from nitrogen, sulfur 
or oxygen. Monocyclic rings preferably have 5 to 6 mem 
bers and bicyclic rings preferably have 8 to 10 membered 
ring structures. The heteroaryl group may be unsubstituted 
or substituted as described hereinafter. Examples of het 
eroaryls include, but are not limited to, thienyl, furyl, 
pyrrolyl, imidaZolyl, pyraZolyl, oXaZolyl, isoXaZolyl, thiaZ 
olyl, isothiaZolyl, pyridyl, pyraZinyl, pyrimidinyl, pyridaZi 
nyl, indolyl, indaZolyl, benZofuranyl, isobenZofuranyl, ben 
Zothienyl, isobenZothienyl, quinolyl, isoquinolyl, 
quinoXalinyl, or quinaZolinyl. 

[0031] The term “per?uoroalkyl,” as used herein, refers to 
a straight or branched aliphatic hydrocarbon chain of 1 to 6 
carbon atoms and preferably 1 to 3 carbon atoms, in Which 
all hydrogens are replaced With ?uorine. 

[0032] The term “alkanamido,” as used herein, refers to 
the group R—C(=O)—NH— Where R is an alkyl group of 
1 to 5 carbon atoms. 

[0033] The term “alkanoyl,” as used herein, refers to the 
group R—C(=O)— Where R is an alkyl group of 1 to 5 
carbon atoms. 

[0034] The term “alkanoyloXy,” as used herein, refers to 
the group R—C(=O)—O— Where R is an alkyl group of 1 
to 5 carbon atoms. 

[0035] The term “alkanesulfonamido,” as used herein, 
refers to the group R—S(O)2—NH— Where R is an alkyl 
group of 1 to 6 carbon atoms. 

[0036] The term “alkoXy,” as used herein, refers to the 
group R—O— Where R is an alkyl group of 1 to 6 carbon 
atoms. 

[0037] The term “per?uoroalkoxy,” as used herein, refers 
to the group R—O Where R is a per?uoroalkyl group of 1 to 
6 carbon atoms. 

[0038] The terms “monoalkylamino” and “dialkylamino,” 
as used herein, respectively refer to —NHR and —NRRa, 
Where R and R8 are independently selected from an alkyl 
group of 1 to 6 carbon atoms. 
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[0039] The term “carboXamido,” as used herein, refers to 
the group NH2—C(=O)—. 

[0040] The term “carboalkoXy,” as used herein, refers to 
the group R—O—C(=O)— Where R is an alkyl group of 1 
to 5 carbon atoms. 

[0041] The term “carboXy,” as used herein, refers to the 
group —COOH. 

[0042] The terms “halogen” or “halo,” as used herein, 
refer to chlorine, bromine, ?uorine or iodine. 

[0043] The term “substituted,” as used herein, refers to a 
moiety, such as an aryl, heteroaryl, cycloalkyl, heterocy 
cloalkyl, or spirocyclic moiety having from 1 to about 5 
substituents, and more preferably from 1 to about 3 sub 
stituents independently selected from a halogen, hydroXyl, 
alkyl of 1 to 6 carbon atoms, per?uoroalkyl of 1 to 6 carbon 
atoms, alkoXy of 1 to 6 carbon atoms, or per?uoroalkoxy of 
1 to 6 carbon atoms. Preferred substituents are a halogen 

atom, a loWer alkyl, a per?uoroalkyl of 1 to 3 carbon atoms, 
an alkoXy group of 1 to 3 carbon atoms or a per?uoroalkoxy 
of 1 to 3 carbon atoms. 

[0044] The terms “effective amount” and “therapeutically 
effective amount,” as used herein, refer to the amount of a 
compound of formula 1 that, When administered to a patient, 
is effective to at least partially treat a condition from Which 
the patient is suffering from. Such conditions include, but are 
not limited to, schiZophrenia, schiZoaffective disorder, 
schiZophreniform disorder, L-DOPA-induced psychosis, 
bipolar disorder, obesity, obsessive compulsive disorder, 
depression, panic disorder, sleep disorders, eating disorders, 
and epilepsy. 

[0045] The term “pharmaceutically acceptable salts” or 
“pharmaceutically acceptable salt” refers to salts derived 
from treating a compound of formula 1 With an organic or 
inorganic acid such as, for eXample, acetic, lactic, citric, 
cinnamic, tartaric, succinic, fumaric, maleic, malonic, man 
delic, malic, oXalic, propionic, hydrochloric, hydrobromic, 
phosphoric, nitric, sulfuric, glycolic, pyruvic, methane 
sulfonic, ethanesulfonic, toluenesulfonic, salicylic, benZoic, 
or similarly knoWn acceptable acids. 

[0046] The term “patient,” as used herein, refers to a 
mammal. 

[0047] The terms “administer, administering,” or 
“administration,” as used herein, refer to either directly 
administering a compound or composition to a patient, or 
administering a prodrug derivative or analog of the com 
pound to the patient, Which Will form an equivalent amount 
of the active compound or substance Within the patient’s 
body. 

[0048] The terms “treat” or “treating,” as used herein, 
refers to partially or completely alleviating, inhibiting, pre 
venting, ameliorating and/or relieving the condition. 

[0049] The terms “suffer” or “suffering” as used herein 
refers to one or more conditions that a patient has been 

diagnosed With, or is suspected to have. 
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[0050] In certain embodiments, the invention relates to 
compounds of formula 1: 

alkanoyl of 2 to 6 carbon atoms, alkanoyloxy of 2 to 
6 carbon atoms, carboalkoxy of 2 to 6 carbon atoms, 

[0051] 
[0052] 

Formula 1 

or pharmaceutically acceptable salts thereof; 

Wherein 

[0053] R and R‘ are, independently, hydrogen, alkyl 
of 1 to 6 carbon atoms, cycloalkyl of 3 to 6 carbon 
atoms, or alkylcycloalkyl of 4 to 12 carbon atoms 
having 3 to 6 carbons in the cycloalkyl ring; 

[0054] alternatively R and R‘ can be taken together 
With the nitrogen to Which they are attached to form 
a ring containing 2-5 carbon atoms, Wherein one of 
the ring carbon atoms is optionally replaced by 
nitrogen, sulfur or oxygen; 

[0055] R1 and R2 are each, independently, hydrogen, 
alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 to 6 
carbon atoms, or per?uoroalkyl of 1 to 6 carbon 
atoms; 

[0056] R33 and R3b are, independently, hydrogen, 
halogen, hydroxyl, alkyl of 1 to 6 carbon atoms, 
per?uoroalkyl of 1 to 6 carbon atoms, alkoxy of 1 to 
6 carbon atoms, or per?uoroalkoxy of 1 to 6 carbon 
atoms; 

[0057] tWo adjacent substituents selected from R4 
and R5, or R5 and R6, or R6 and R7, together With the 
carbon atoms to Which they are attached, form a 
cyclic moiety selected from a monocyclic cycloalkyl 
of 3 to 8 carbon atoms, a bridged cycloalkyl of 5 to 
10 carbon atoms, a 3 to 8 membered heterocy 
cloalkyl having 1 to 3 heteroatoms each indepen 
dently selected from nitrogen, oxygen, or sulfur, aryl 
of 5 to 10 carbon atoms, or a 5 to 10 membered 
heteroaryl having 1 to 3 heteroatoms each indepen 
dently selected from nitrogen, oxygen, or sulfur, 
Wherein the monocyclic cycloalkyl or the heterocy 
cloalkyl cyclic moiety may be optionally substituted 
at a single carbon atom With a cycloalkyl of 3 to 5 
carbon atoms or a 3 to 5 membered heterocycloalkyl 
containing 1 or 2 heteroatoms each independently 
selected from nitrogen, oxygen, or sulfur, to form a 
spirocyclic group; 

[0058] the remaining R4 to R7 substituents are, inde 
pendently, hydrogen, halogen, cyano, hydroxyl, car 
boxyl, alkyl of 1 to 8 carbon atoms, per?uoroalkyl of 
1 to 6 carbon atoms, alkoxy of 1 to 6 carbon atoms, 
per?uoroalkoxy of 1 to 6 carbon atoms, aryl of 5 to 
10 carbon atoms, aryloxy of 5 to 10 carbon atoms, 5 
to 10 membered heteroaryl having 1 to 3 heteroat 
oms each independently selected from nitrogen, oxy 
gen or sulfur, alkenyl of 2 to 8 carbon atoms, 

carboxamido, alkanamido of 2 to 6 carbon atoms, 
alkanesulfonamido of 1 to 6 carbon atoms, amino, 
monoalkylamino of 1 to 6 carbon atoms, dialky 
lamino of 1 to 6 carbon atoms per alkyl moiety, 
cycloalkyl of 3 to 8 carbon atoms, or 3 to 8 mem 
bered heterocycloalkyl having 1 to 3 heteroatoms 
each independently selected from nitrogen, oxygen 
or sulfur; and 

[0059] n is 1, 2 or 3; 

[0060] Wherein any cycloalkyl or heterocycloalkyl 
group is saturated or partially saturated, and any aryl, 
heteroaryl, cycloalkyl, or heterocycloalkyl group 
may optionally be substituted With 1 to 5 substituents 
independently selected from halogen, hydroxyl, 
alkyl of 1 to 6 carbon atoms, per?uoroalkyl of 1 to 
6 carbon atoms, alkoxy of 1 to 6 carbon atoms, or 
per?uoroalkoxy of 1 to 6 carbon atoms. 

[0061] In certain other embodiments, the invention relates 
to compounds of formula 1 or pharmaceutically acceptable 
salts thereof; 

[0062] 
[0063] R and R‘ are, independently, hydrogen, alkyl 

of 1 to 6 carbon atoms, or cycloalkyl of 3 to 6 carbon 
atoms; 

[0064] alternatively R and R‘ can be taken together 
With the nitrogen to Which they are attached to form 
a ring containing 2-5 carbon atoms, Wherein one of 
the ring carbon atoms is optionally replaced by 
nitrogen, sulfur or oxygen; 

[0065] R1 and R2 are each, independently, hydrogen, 
alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 to 6 
carbon atoms, or per?uoroalkyl of 1 to 6 carbon 
atoms; 

[0066] R3'‘) and R3b are, independently, hydrogen, 
halogen, hydroxyl, alkyl of 1 to 6 carbon atoms, 
per?uoroalkyl of 1 to 6 carbon atoms, alkoxy of 1 to 
6 carbon atoms, or per?uoroalkoxy of 1 to 6 carbon 
atoms; 

[0067] tWo adjacent substituents selected from R4 
and R5, or R5 and R6, or R6 and R7, together With the 
carbon atoms to Which they are attached, form a 
cyclic moiety selected from a monocyclic cycloalkyl 
of 3 to 8 carbon atoms, a bridged cycloalkyl of 5 to 
10 carbon atoms, a 3 to 8 membered heterocy 
cloalkyl having 1 to 3 heteroatoms each indepen 
dently selected from nitrogen, oxygen, or sulfur, aryl 
of 5 to 10 carbon atoms, or a 5 to 10 membered 
heteroaryl having 1 to 3 heteroatoms each indepen 
dently selected from nitrogen, oxygen, or sulfur; the 
remaining R4 to R7 substituents are, independently, 
hydrogen, halogen, cyano, hydroxyl, carboxyl, alkyl 
of 1 to 8 carbon atoms, per?uoroalkyl of 1 to 6 
carbon atoms, alkoxy of 1 to 6 carbon atoms, per 
?uoroalkoxy of 1 to 6 carbon atoms, alkenyl of 2 to 
8 carbon atoms, alkanoyl of 2 to 6 carbon atoms, 
alkanoyloxy of 2 to 6 carbon atoms, carboalkoxy of 
2 to 6 carbon atoms, carboxamido, alkanamido of 2 
to 6 carbon atoms, alkanesulfonamido of 1 to 6 

Wherein 
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carbon atoms, amino, monoalkylamino of 1 to 6 
carbon atoms, or dialkylamino of 1 to 6 carbon atoms 
per alkyl moiety; and 

[0068] n is 1, 2 or 3; 

[0069] wherein any cycloalkyl or heterocycloalkyl 
group is saturated or partially saturated, and any aryl, 
heteroaryl, cycloalkyl, or heterocycloalkyl group 
may optionally be substituted With 1 to 5 substituents 
independently selected from halogen, hydroxyl, 
alkyl of 1 to 6 carbon atoms, per?uoroalkyl of 1 to 
6 carbon atoms, alkoxy of 1 to 6 carbon atoms, or 
per?uoroalkoxy of 1 to 6 carbon atoms. 

[0070] Other embodiments of the invention is directed to 
compounds of Formula 1 Wherein n is 1, R‘ is hydrogen, and 
R, R1 and R2 are, independently, hydrogen, alkyl of 1 to 6 
carbon atoms, or per?uoroalkyl of 1 to 6 carbon atoms. 

[0071] In another embodiment, R, R‘, R1, and R2 of 
formula 1 are preferably each independently selected from 
hydrogen or alkyl of 1 to 6 carbon atoms and more prefer 
ably hydrogen. 

[0072] In another embodiment, R33 and R3b are preferably 
each independently selected from hydrogen or alkyl of 1 to 
3 carbon atoms and more preferably hydrogen. 

[0073] In certain embodiments of the invention, the 
remaining (i.e., not fused) R4 to R7 susbtituents are each 
independently, hydrogen, halogen, alkyl of 1 to 8 carbon 
atoms, alkoxy of 1 to 6 carbon atoms, aryloxy of 5 to 10 
carbon atoms, cycloalkyl of 3 to 8 carbon atoms, 3 to 8 
membered heterocycloalkyl having 1 to 3 heteroatoms each 
independently selected from nitrogen, oxygen, and sulfur, 
aryl of 5 to 10 carbon atoms, or 5 to 10 membered heteroaryl 
having 1 to 3 heteroatoms each independently selected from 
nitrogen, oxygen, and sulfur. 

[0074] In other embodiments of the invention, the remain 
ing (i.e., not fused) R4 to R7 substituents are, independently, 
hydrogen, halogen, cyano, hydroxyl, carboxyl, alkyl of 1 to 
8 carbon atoms, per?uoroalkyl of 1 to 6 carbon atoms, 
alkoxy of 1 to 6 carbon atoms, per?uoroalkoxy of 1 to 6 
carbon atoms, alkenyl of 2 to 8 carbon atoms, alkanoyl of 2 
to 6 carbon atoms, alkanoyloxy of 2 to 6 carbon atoms, 
carboalkoxy of 2 to 6 carbon atoms, carboxamido, alkana 
mido of 2 to 6 carbon atoms, alkanesulfonamido of 1 to 6 
carbon atoms, amino, monoalkylamino of 1 to 6 carbon 
atoms, or dialkylamino of 1 to 6 carbon atoms per alkyl 
moiety, and more preferably hydrogen, halogen, hydroxyl, 
alkyl of 1 to 8 carbon atoms, per?uoroalkyl of 1 to 6 carbon 
atoms, alkoxy of 1 to 6 carbon atoms, or per?uoroalkoxy of 
1 to 6 carbon atoms. 

[0075] In certain other embodiments of the invention, R4 
and R5 are, independently, hydrogen, halogen, alkyl of 1 to 
8 carbon atoms, or alkoxy of 1 to 6 carbon atoms, and R6 and 
R7, together With the carbon atoms to Which they are 
attached, form a monocyclic cycloalkyl of 3 to 8 carbon 
atoms, a bridged cycloalkyl of 5 to 10 carbon atoms, a 3 to 
8 membered heterocycloalkyl having 1 to 3 heteroatoms 
each independently selected from nitrogen, oxygen, and 
sulfur, an aryl of 5 to 10 carbon atoms, or a 5 to 10 
membered heteroaryl having 1 to 3 heteroatoms each inde 
pendently selected from nitrogen, oxygen, and sulfur. 
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[0076] In further preferred embodiments of the invention, 
R6 and R7, together With the carbon atoms to Which they are 
attached, form a bridged cycloalkyl of 5 to 10 carbon atoms, 
a monocyclic cycloalkyl of 3 to 8 carbon atoms, or an aryl 
of 5 to 10 carbon atoms optionally substituted With one to 
?ve substituents, each independently selected from alkyl, 
halogen, or alkoxy groups; R4 and R5 are, independently 
hydrogen, alkyl of 1 to 8 carbon atoms, alkoxy of 1 to 6 
carbon atoms, or halogen; and R, R1, and R2 are each 
hydrogen or alkyl of 1 to 6 carbon atoms. 

[0077] In certain other embodiments of the invention, R6 
and R7, together With the carbon atoms to Which they are 
attached, form a bridged cycloalkyl of 5 to 10 carbon atoms 
or a monocyclic cycloalkyl of 3 to 8 carbon atoms optionally 
substituted With one to three substituents, each indepen 
dently selected from alkyl groups of 1 to 6 carbon atoms, 
halogens, or alkoxy groups of 1 to 6 carbon atoms; R4 and 
R5 are, independently, hydrogen, alkyl of 1 to 6 carbon 
atoms, alkoxy of 1 to 4 carbon atoms, or halogen; and R, R1, 
and R2 are each hydrogen. 

[0078] In other embodiments of the invention, R6 and R7, 
together With the carbon atoms to Which they are attached, 
form a bridged cycloalkyl group of ?ve to eight carbon 
atoms optionally substituted With one to three substituents, 
each independently selected from alkyl groups of 1 to 6 
carbon atoms, halogens, or alkoxy groups of 1 to 6 carbon 
atoms and R4 and R5 are, independently, hydrogen, halogen, 
or alkyl of 1 to 4 carbon atoms and R, R1, and R2 are each 
hydrogen. 

[0079] In other embodiments of the invention, R4 and R5, 
or R5 and R6, together With the carbon atoms to Which they 
are attached, form a bridged cycloalkyl of 5 to 10 carbon 
atoms or a monocyclic cycloalkyl of 3 to 8 carbon atoms 
optionally substituted With one to three substituents, each 
independently selected from alkyl groups of 1 to 6 carbon 
atoms, halogens, or alkoxy groups of 1 to 6 carbon atoms 
and R4 and R5 are, independently, hydrogen, halogen, alkoxy 
of 1 to 4 carbon atoms or alkyl of 1 to 6 carbon atoms and 
R, R1, and R2 are each hydrogen. 

[0080] Preferred aryl groups include phenyl and napthyl, 
and preferred heteroaryl groups include thienyl, furyl, pyr 
rolyl, imidaZolyl, pyraZolyl, oxaZolyl, isoxaZolyl, thiaZolyl, 
isothiaZolyl, pyridyl, pyraZinyl, pyrimidinyl, pyridaZinyl, 
indolyl, indaZolyl, benZofuranyl, isobenZofuranyl, ben 
Zothienyl, isobenZothienyl, quinolyl, isoquinolyl, quinoxali 
nyl, and quinaZolinyl. 

[0081] Preferred heterocycloalkyl groups include pyrro 
lidinyl, imidaZolidinyl, pyraZolidinyl, tetrahydrofuranyl, 
1,3-dioxolanyl, 1,2-dioxolanyl, tetrahydrothiophen-yl, 1,3 
dithiolanyl, 1,2-dithiolanyl, piperidinyl, piperaZinyl, 
hexahydropyrimidinyl, hexahydropyridaZinyl, tetrahydro 
pyranyl, 1,4-dioxanyl, 1,3-dioxanyl, 1,2-dioxanyl, tetrahy 
dropyranyl, 1,4-dithianyl, 1,3-dithianyl, 1,2-dithianyl, thia 
Zolidinyl, oxaZolidinyl, 1,3-oxathiolanyl, isoxaZolidinyl, 
1,2-oxathiolanyl, thiomorpholinyl, morpholinyl, 1,4-ox 
athianyl, 1,3-thiaZinanyl, 1,3-oxaZinanyl, 1,3-oxathianyl, 
1,2-thiaZinanyl, 1,2-oxaZinanyl, and 1,2-oxathianyl. 

[0082] In still further preferred embodiments of the inven 
tion, the compounds of formula 1 are: 

[0083] (:)-1 -(3,6,7,8 -tetrahydro-2H-indeno[4,5 -b]fu 
ran-2-yl)methanamine, 
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[0084] (+)- 1-(3,6,7,8-tetrahydro-2H-indeno[4,5 -b]fu 
ran-2-yl)methanamine, 

[0085] (—)- 1-(3,6,7,8-tetrahydro-2H-indeno[4,5 -b]fu 
ran-2-yl)methanamine, 

[0086] (1)- 1-(2,3,6,7,8,9-hexahydronaphtho[1,2-b]fu 
ran-2-yl)methanamine, 

[0087] (+)- 1-(2,3,6,7,8,9-hexahydronaphtho[1,2-b]fu 
ran-2-yl)methanamine, 

[0088] (—)- 1-(2,3,6,7,8,9-hexahydronaphtho[1,2-b]fu 
ran-2-yl)methanamine, 

[0089] (1)- 1-(5 -methyl-3,6,7,8 -tetrahydro -2H-indeno 
[4,5 -b]furan-2-yl)methanamine, 

[0090] (+)- 1-(5 -methyl-3,6,7,8 -tetrahydro -2H-indeno 
[4,5 -b]furan-2-yl)methanamine, 

[0091] (—)- 1-(5 -methyl-3,6,7,8 -tetrahydro -2H-indeno 
[4,5 -b]furan-2-yl)methanamine, 

[0092] (1)- 1-(2,3-dihydronaphtho[1 ,2-b ]furan-2-yl 
)methanamine, 

[0093] (+)- 1-(2,3-dihydronaphtho[1 ,2-b ]furan-2-yl 
)methanamine, 

[0094] (—)- 1-(2,3-dihydronaphtho[1 ,2-b ]furan-2-yl 
)methanamine, 

[0095] (1)- 1-(2,3,5 ,6,7,8-hexahydronaphtho[2,3-b ]fu 
ran-2-yl)methanamine, 

[0096] (1)- 1-(1 ,2,6,7,8,9-hexahydronaphtho[2, 1-b]fu 
ran-2-yl)methanamine, 

[0097] (9-methoxy-4-oxatetracyclo[9.2.1.02'10.03’7]tet 
radeca-2,7,9-trien-5 -yl)methylamine, 

[0098] (1)- 1-(5-methoxy-2,3,6,7,8,9-hexahydro-6,9 
ethanonaphtho[1,2-b]furan-2-yl)methanamine, 

[0099] (+)- 1-(5-methoxy-2,3,6,7,8,9-hexahydro-6,9 
ethanonaphtho[1,2-b]furan-2-yl)methanamine, 

[0100] (—)- 1-(5-methoxy-2,3,6,7,8,9-hexahydro-6,9 
ethanonaphtho[1,2-b]furan-2-yl)methanamine, 

[0101] (2R*)-1 -[(2R*)-3,6,7,8 -tetrahydro -2H-indeno 
[4,5 -b]furan-2-yl]ethylamine, 

[0102] (1)- 1-(5-chloro-2,3-dihydronaphtho[1 ,2-b]fu 
ran-2-yl)methanamine, 

[0103] (1)- 1-(5-chloro-2,3-dihydronaphtho[1 ,2-b]fu 
ran-2-yl) -N-methylmethanamine, 

[0104] (1)- 1-(4-chloro -3,6,7,8-tetrahydro -2H-indeno[4, 
5 -b ]furan-2-yl)methanamine, 

[0105] (—)- 1-(4-chloro -3,6,7,8-tetrahydro -2H-indeno[4, 
5 -b ]furan-2-yl)methanamine, 

[0106] (+)- 1-(4-chloro -3,6,7,8-tetrahydro -2H-indeno[4, 
5 -b ]furan-2-yl)methanamine, 

[0107] (1)- 1-(4-chloro -3,6,7,8-tetrahydro -2H-indeno[4, 
5 -b ]furan-2-yl)-N-methylmethanamine, 

[0108] (1)- 1-(5 -chloro -3,6,7,8-tetrahydro -2H-indeno[4, 
5 -b ]furan-2-yl)methanamine, 

[0109] (—)- 1-(5 -chloro -3,6,7,8-tetrahydro -2H-indeno[4, 
5 -b ]furan-2-yl)methanamine, or 
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[0110] (+)-1 -(5 -chloro -3,6,7,8-tetrahydro-2H-indeno[4, 
5 -b ]furan-2-yl)methanamine. 

[0111] The compounds of formula 1 have af?nity for and 
agonist or partial agonist activity at the 2c subtype of brain 
serotonin receptors and are thus of interest for the treatment 
of mental disorders, including psychotic disorders such as 
schiZophrenia including paranoid type, disorganized type, 
catatonic type, and undifferentiated type, schiZophreniform 
disorder, schiZoaffective disorder, delusional disorder, sub 
stance-induced psychotic disorder, and psychotic disorder 
not otherWise speci?ed; L-DOPA-induced psychosis; psy 
chosis associated With AlZheimer’s dementia; psychosis 
associated With Parkinson’s disease; psychosis associated 
With LeWy body disease; bipolar disorders such as bipolar I 
disorder, bipolar II disorder, and cyclothymic disorder; 
depressive disorders such as major depressive disorder, 
dysthymic disorder, substance-induced mood disorder, and 
depressive disorder not otherWise speci?ed; mood episodes 
such as major depressive episode, manic episode, mixed 
episode, and hypomanic episode; anxiety disorders such as 
panic attack, agoraphobia, panic disorder, speci?c phobia, 
social phobia, obsessive compulsive disorder, posttraumatic 
stress disorder, acute stress disorder, generaliZed anxiety 
disorder, separation anxiety disorder, substance-induced 
anxiety disorder, and anxiety disorder not otherWise speci 
?ed; adjustment disorders such as adjustment disorders With 
anxiety and/or depressed mood; intellectual de?cit disorders 
such as dementia, AlZheimer’s disease, and memory de?cit; 
eating disorders (e.g., hyperphagia, bulimia or anorexia 
nervosa) and combinations of these mental disorders that 
may be present in a mammal. For example, mood disorders 
such as depressive disorders or bipolar disorders often 
accompany psychotic disorders such as schiZophrenia. A 
more complete description of the aforementioned mental 
disorders can be found in the Diagnostic and Statistical 
Manual of Mental Disorders, 4th edition, Washington, DC, 
American Psychiatric Association (1994), incorporated 
herein by reference in its entirety. 

[0112] The compounds of formula 1 are also of interest for 
the treatment of epilepsy; migraines; sexual dysfunction; 
sleep disorders; substance abuse, including addiction to 
alcohol and various drugs, including cocaine and nicotine; 
gastrointestinal disorders, such as malfunction of gas 
trointestinal motility; and obesity, With its consequent 
comorbidities including Type II diabetes, cardiovascular 
disease, hypertension, hyperlipidemia, stroke, osteoarthritis, 
sleep apnea, gall bladder disease, gout, some cancers, some 
infertility, and early mortality. The compounds of formula 1 
can also be used to treat central nervous system de?ciencies 
associated, for example, With trauma, stroke, and spinal cord 
injuries. The compounds of formula 1 can therefore be used 
to improve or inhibit further degradation of central nervous 
system activity during or folloWing the malady or trauma in 
question. Included in these improvements are maintenance 
or improvement in motor and motility skills, control, coor 
dination and strength. 

[0113] In certain embodiments, the present invention 
therefore provides methods of treating, including, prevent 
ing, inhibiting or alleviating each of the maladies listed 
above in a mammal, preferably in a human, the methods 
comprising administering a therapeutically effective amount 
of a compound of formula 1 to a patient suspected to suffer 
from such a malady. 
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[0114] In other embodiments, the invention relates to 
compositions comprising at least one compound of formula 
1, or a stereoisomer or pharmaceutically acceptable salt 
thereof, and one or more pharmaceutically acceptable car 
riers, excipients, or diluents. Such compositions include 
pharmaceutical compositions for treating or controlling dis 
ease states or conditions of the central nervous system. In 
certain embodiments, the compositions comprise mixtures 
of one or more compounds of formula 1. 

[0115] Certain of the compounds of formula 1 contain 
stereogenic carbon atoms or other chiral elements and thus 
give rise to stereoisomers, including enantiomers and dias 
tereomers. In preferred embodiments, this invention relates 
to all of the stereoisomers of the 1-(2,3-dihydro-1-benZofu 
ran-2-yl)alkanamine derivatives, as Well as to mixtures of 
the stereoisomers. Throughout this application, the name of 
the product, Where the absolute con?guration of an asym 
metric center is not indicated, is intended to embrace the 
individual stereoisomers as Well as mixtures of stereoiso 
mers. When it is necessary to distinguish the enantiomers 
from one another and from the racemate, the sign of the 
optical rotation [(+), (—) and is utiliZed. Furthermore, 
throughout this application, the designations R* and S* are 
used to indicate relative stereochemistry, employing the 
Chemical Abstracts convention Which automatically assigns 
R* to the loWest numbered asymmetric center. 

[0116] Where an enantiomer is preferred, it may, in some 
embodiments, be provided substantially free of the corre 
sponding enantiomer. Thus, an enantiomer substantially free 
of the corresponding enantiomer refers to a compound that 
is isolated or separated via separation techniques or prepared 
free of the corresponding enantiomer. “Substantially free,” 
as used herein, means that the compound is made up of a 
signi?cantly greater proportion of one enantiomer. In pre 
ferred embodiments, the compound is made up of at least 
about 90% by Weight of a preferred enantiomer. In other 
embodiments of the invention, the compound is made up of 
at least about 99% by Weight of a preferred enantiomer. 
Preferred enantiomers can be isolated from racemic mix 
tures by any method knoWn to those skilled in the art, 
including high performance liquid chromatography (HPLC) 
and the formation and crystalliZation of chiral salts, or 
preferred enantiomers can be prepared by methods described 
herein. Methods for the preparation of preferred enantiomers 
are described, for example, in Jacques, et al., Enantiomers, 
Racemates and Resolutions (Wiley Interscience, NeW York, 
1981); Wilen, S. H., et al., Tetrahedron 33:2725 (1977); 
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Eliel, E. L. Stereochemistry of Carbon Compounds 
(McGraW-Hill, NY, 1962); and Wilen, S. H. Tables of 
Resolving Agents and Optical Resolutions p. 268 L. 
Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, Ind. 
1972), each of Which is hereby incorporated by reference in 
its entirety. 

[0117] This invention also provides processes for prepar 
ing a compound of formula 1 or a pharmaceutically accept 
able salt thereof Which processes include one of the folloW 
ing: 

[0118] a) reacting a compound of formula 7 

[0119] Wherein R1, R2, R3, R4, R5, R6, and R7 are as 
de?ned in claim 1, With sodium aZide and reducing the 
product to give a compound of formula 1 Wherein n is 1 and 
R and R‘ are both H; or 

[0120] b) reacting a compound of formula 7 as de?ned 
above With an amine of formula NHRR‘ Where R and 
R‘ are as de?ned in claim 1 to give a corresponding 
compound of formula 1 Wherein n is 1; or 

[0121] c) reacting a compound of formula 7 as de?ned 
above With sodium cyanide folloWed by reduction to 
give a compound of formula 1 Wherein n is 2 and R and 
R‘ are both H; 

[0122] d) converting a compound of formula 1 as 
de?ned in claim 1 to a pharmaceutically acceptable salt 
or vice versa; or 

[0123] e) isolating a speci?c enantiomer or diastere 
omer of a compound of formula 1 or a pharmaceuti 
cally acceptable salt thereof as de?ned in claim 1 from 
a mixture thereof. 

[0124] The 1-(2,3-dihydro-1-benZofuran-2-yl)alkanamine 
derivatives of formula 1 can be prepared as illustrated in 
Scheme I. 

R1 R3b 

R6 0% R33 
R2 m esitylene 7 

R reflux 
4 
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-continued 

2. K2CO3, MeOH 

TsCl, pyridine 

Proc. A (for n = 1) 

Proc. A:1. a) NaN3, DMSO and b) reduction, or 2. NHRRVDMSO 

Proc. B:1. a) NaCN/DMSO and b) HZ/5% Rh on A1203, NH40H 

[0125] Variables used are as de?ned for Formula 1, unless 
otherwise noted. The appropriately substituted phenyl (2) is 
alkylated With an appropriately substituted allyl bromide and 
a suitable base such as potassium carbonate in a solvent such 

as N,N-dimethylformamide. Alternatively, the phenyl (2) 
may be alkylated With an appropriately substituted alcohol 
(3) utilizing Mitsunobu conditions. The phenyls, allyl bro 
mides, and allyl alcohols appropriate for the synthesis of the 
compounds of formula 1 are either commercially available 
or can readily be prepared by one skilled in the art. The 
resulting allyl ether (4) is treated in re?uxing mesitylene or 
other suitable high boiling solvent to afford the desired 
Claisen rearrangement product. The 2-allyl phenyl (5) rep 
resents an intermediate in Which epoXidation of the double 
bond With 3-chloroperoXybenZoic acid in dichloromethane 
is folloWed by treatment of the resulting epoXy phenyl 
intermediate With a suitable base, such as potassium car 
bonate, in a solvent such as methanol, to induce cycliZation 

to give the 2,3-dihydro-1-benZofuran-2-yl)methanol Treatment of (6) With p-toluenesulfonyl chloride and a 

suitable base such as pyridine affords the tosylate Conversion of (7) to the amine (1) can be accomplished by 

treatment With sodium aZide in a solvent such as dimethyl 
sulfoXide folloWed by reduction of the aZide, or by direct 
treatment With an appropriately substituted amine to provide 
the compounds of formula (1) in Which n=1. Alternatively, 
displacement of tosylate (7) With sodium cyanide in DMSO 
folloWed by catalytic reduction of the corresponding nitrile 
provides the primary amines of formula (1) Wherein n=2. 
Subsequent reaction With the appropriate alkyl or cycloalkyl 
may be used to generate the secondary or tertiary amines. 

[0126] Additionally, the compounds of formula 1 can be 
prepared in a stereoselective manner as illustrated in Scheme 
II. 

—> 

Proc. B (for n = 2) 
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Schemell 
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[0127] Protection of the phenyl (5) With a suitable pro 
tecting group, such as benZyl, by treatment With benZyl 
bromide and a suitable base, such as potassium carbonate, in 
a solvent such as N,N-dimethylformamide gives the benZyl 
ether Treatment of (8) utiliZing eXtant methodology 
knoWn to one skilled in the art for the stereoselective 
oxidation of double bonds, such as the Sharpless Asymmet 
ric DihydroXylation (A-D), provides the diol (9) in stere 
ochemically enriched form. There are many methods avail 
able to one skilled in the art for the transfer of the 
stereochemical information present in (9) into the com 
pounds of formula (1) With retention of stereochemical 
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integrity. One such method involves deprotection of the 
benZyl ether With catalytic palladium on carbon under a 
hydrogen atmosphere (45 psi) in a solvent such as methanol 
to provide triol (10). Formation to the previously described 
2,3-dihydro-1-benZofuran-2-yl)methanol (6) can be accom 
plished by treatment of (9) With hydrogen bromide in acetic 
acid to provide the intermediate vicinal acetoXy bromide 
folloWed by cycliZation With a suitable base such as potas 
sium carbonate in a solvent such as methanol. 

[0128] Alternatively, the compounds of formula 1 can be 
prepared via selective mono-protection of diol (9) With a 
suitable protecting group as illustrated in Scheme III. 

TBSCl, PPh3, 
imid, DEAD, 
DMF PhMe 
—> R = TBS (11) 

R4 R3b 
R33 

R5 R2 R1 

6 O * OH TBAF, <— 

R THF 

13 

[0129] Treatment of (9) With tert-butyldimethylsilyl chlo 
ride in the presence of a suitable base such as imidaZole in 
a solvent such as N,N,-dimethylformamide folloWed by 
deprotection of the benZyl ether, as previously described, 
With catalytic palladium on carbon under a hydrogen atmo 
sphere gives phenyl (12). Cyclodehydration of (12) using 
standard Mitsunobu conditions, such as triphenylphosphine, 
in the presence of diethylaZodicarboXylate in a solvent such 
as toluene provides the 2,3-dihydro-1-benZofuran-2-yl 
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)methanol (13) protected as the silyl ether. Removal of the 
silyl ether in (13) using standard conditions such as tetrabu 
tylamonnium ?uoride in a solvent such as tetrahydrofuran 
then provides the alcohol (6), Which can be converted to the 
compounds of formula 1 as previously described (Scheme 
1). 
[0130] In lieu of a protecting group, diol (9) can be 
converted to the mono-tosylated derivative (12a) by treat 
ment With p-toluenesulfonyl chloride and a suitable base 
such as pyridine to give the desired product as illustrated in 
Scheme IV. 

[0131] Deprotection of the benZyl ether With catalytic 
palladium on carbon gives phenyl (12b) folloWed by cyclo 
dehydration With triphenylphosphine in the presence of 
diethylaZodicarboXylate as previously described provides 
the aforementioned 2,3-dihydro-1-benZofuran-2-yl)methyl 
4-methylbenZenesulfonate 

[0132] An additional route to the production of stere 
ochemically enriched compounds of formula 1 is illustrated 
in Scheme V. 

Schemel 

R4 R3 3 
R R4 R3 o 

R5 5 
/ R1 R R5 1 \ R \ R1 

R2 Pd(MeCN)2Cl2 2 SeO2, 
R6 OBn CHZClZ, reflux R6 OB R dioXane R2 
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R7 
8 R7 

14 15 
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-continued 
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[0133] Palladium or transition metal catalyzed transposi 
tion of the double bond present in the previously described 
2-allyl benZyl ether (8) using an appropriate catalyst such as 
dichlorobis(acetonitrile)palladium(II) in dichloromethane 
provides the styrene derivative (14). Treatment of (14) With 
selenium dioxide in dioxane provides the carbonyl deriva 
tive (15). Reduction of the carbonyl to the allylic alcohol 
(16) can be accomplished by treatment With an appropriate 
reducing agent such as tetrabutylammonium borohydride in 
a solvent such as dichloromethane. The allylic alcohol (16) 
provides a suitable intermediate for the stereoselective intro 
duction of oxygenation that permits transfer of this stere 
ochemical integrity into the compounds of formula The 
Sharpless Asymmetric Epoxidation (A-E) reaction is a gen 
eral method for the stereoselective epoxidation of allylic 
alcohols, and treatment of (16) under the appropriate con 
ditions provides epoxy alcohol (17) With a high degree of 
stereoselectivity. The alcohol present in (17) can then be 
tosylated With p-toluenesulfonyl chloride as previously 
described to give derivative (18). Deprotection of the benZyl 
ether With concomitant regioselective opening of the 
epoxide, maintaining the stereochemical information intro 
duced by the Sharpless A-E, is accomplished under the 
appropriate conditions by treatment of (18) With palladium 
on carbon under a hydrogen atmosphere in a solvent such as 
ethanol. Cyclodehydration using Mitsunobu conditions as 
previously described then affords 2,3-dihydro-1-benZofu 
ran-2-yl)methyl 4-methylbenZenesulfonate 
[0134] In certain embodiments, the invention relates to 
compositions comprising at least one compound of formula 
1, or a stereoisomer or pharmaceutically acceptable salt 
thereof, and one or more pharmaceutically acceptable car 
riers, excipients, or diluents. Such compositions are pre 
pared in accordance With acceptable pharmaceutical proce 
dures, such as, for example, those described in Remingtons 
Pharmaceutical Sciences, 17th edition, ed. Alfonoso R. 
Gennaro, Mack Publishing Company, Easton, Pa. (1985), 
Which is incorporated herein by reference in its entirety. 

Pharmaceutically acceptable carriers are those carriers that 
are compatible With the other ingredients in the formulation 
and are biologically acceptable. 

[0135] The compounds of formula 1 can be administered 
orally or parenterally, neat, or in combination With conven 
tional pharmaceutical carriers. Applicable solid carriers can 
include one or more substances that can also act as ?avoring 

agents, lubricants, solubiliZers, suspending agents, ?llers, 
glidants, compression aids, binders, tablet-disintegrating 
agents, or encapsulating materials. In poWders, the carrier is 
a ?nely divided solid that is in admixture With the ?nely 
divided active ingredient. In tablets, the active ingredient is 
mixed With a carrier having the necessary compression 
properties in suitable proportions and compacted in the 
shape and siZe desired. The poWders and tablets preferably 
contain up to 99% of the active ingredient. Suitable solid 
carriers include, for example, calcium phosphate, magne 
sium stearate, talc, sugars, lactose, dextrin, starch, gelatin, 
cellulose, methyl cellulose, sodium carboxymethyl cellu 
lose, polyvinylpyrrolidine, loW melting Waxes and ion 
exchange resins. 

[0136] Liquid carriers can be used in preparing solutions, 
suspensions, emulsions, syrups and elixirs. The active ingre 
dient can be dissolved or suspended in a pharmaceutically 
acceptable liquid carrier such as Water, an organic solvent, a 
mixture of both, or a pharmaceutically acceptable oil or fat. 
The liquid carrier can contain other suitable pharmaceutical 
additives such as, for example, solubiliZers, emulsi?ers, 
buffers, preservatives, sWeeteners, ?avoring agents, sus 
pending agents, thickening agents, colors, viscosity regula 
tors, stabiliZers or osmo-regulators. Suitable examples of 
liquid carriers for oral and parenteral administration include 
Water (particularly containing additives as above, eg cel 
lulose derivatives, preferably sodium carboxymethyl cellu 
lose solution), alcohols (including monohydric alcohols and 
polyhydric alcohols e.g. glycols) and their derivatives, and 
oils (e.g. fractionated coconut oil and arachis oil). For 
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parenteral administration, the carrier can also be an oily ester 
such as ethyl oleate and isopropyl myristate. Sterile liquid 
carriers are used in sterile liquid form compositions for 
parenteral administration. The liquid carrier for pressuriZed 
compositions can be halogenated hydrocarbon or other 
pharmaceutically acceptable propellant. 

[0137] Liquid pharmaceutical compositions that are sterile 
solutions or suspensions can be administered by, for 
example, intramuscular, intraperitoneal or subcutaneous 
injection. Sterile solutions can also be administered intra 
venously. Compositions for oral administration can be in 
either liquid or solid form. 

[0138] The compounds of formula 1 can be administered 
rectally or vaginally in the form of a conventional supposi 
tory. For administration by intranasal or intrabronchial inha 
lation or insufflation, the compounds of formula 1 can be 
formulated into an aqueous or partially aqueous solution, 
Which can then be utiliZed in the form of an aerosol. The 
compounds of formula 1 can also be administered transder 
mally through the use of a transdermal patch containing the 
active compound and a carrier that is inert to the active 
compound, is non-toxic to the skin, and alloWs delivery of 
the agent for systemic absorption into the blood stream via 
the skin. The carrier can take any number of forms such as 
creams and ointments, pastes, gels, and occlusive devices. 
The creams and ointments can be viscous liquid or semisolid 
emulsions of either the oil-in-Water or Water-in-oil type. 
Pastes comprised of absorptive poWders dispersed in petro 
leum or hydrophilic petroleum containing the active ingre 
dient can also be suitable. Avariety of occlusive devices can 
be used to release the active ingredient into the blood stream 
such as a semipermeable membrane covering a reservoir 
containing the active ingredient With or Without a carrier, or 
a matrix containing the active ingredient. Other occlusive 
devices are knoWn in the literature. 

[0139] Preferably the pharmaceutical composition is in 
unit dosage form, eg as tablets, capsules, poWders, solu 
tions, suspensions, emulsions, granules, or suppositories. In 
such form, the composition is sub-divided in unit dose 
containing appropriate quantities of the active ingredient; 
the unit dosage forms can be packaged compositions, for 
example, packeted poWders, vials, ampoules, pre?lled 
syringes or sachets containing liquids. The unit dosage form 
can be, for example, a capsule or tablet itself, or it can be the 
appropriate number of any such compositions in package 
form. 

[0140] The amount provided to a patient Will vary depend 
ing upon What is being administered, the purpose of the 
administration, such as prophylaxis or therapy, and the state 
of the patient, the manner of administration, and the like. In 
therapeutic applications, compounds of formula 1 are pro 
vided to a patient already suffering from a disease in an 
amount suf?cient to cure or at least partially ameliorate the 
symptoms of the disease and its complications. An amount 
adequate to accomplish this is de?ned as a “therapeutically 
effective amount.” The dosage to be used in the treatment of 
a speci?c case must be subjectively determined by the 
attending physician. The variables involved include the 
speci?c condition and the siZe, age, and response pattern of 
the patient. The treatment of substance abuse folloWs the 
same method of subjective drug administration under the 
guidance of the attending physician. The usual daily dose 
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depends on the speci?c compound, method of treatment and 
condition treated. The usual daily dose is 001-1000 mg/kg 
for oral application, preferably 0.5-500 mg/kg, and 01-100 
mg/kg for parenteral application, preferably 0.5-50 mg/kg. 
The compounds can be administered orally, rectally, 
parenterally, or topically to the skin and mucosa. 

[0141] In certain embodiments, the present invention is 
directed to prodrugs of compounds of formula 1. The term 
“prodrug,” as used herein, means a compound that is con 
vertible in vivo by metabolic means (eg by hydrolysis) to 
a compound of formula 1. Various forms of prodrugs are 
knoWn in the art such as those discussed in, for example, 
Bundgaard, (ed.), Design of Prodrugs, Elsevier (1985); 
Widder, et al. (ed.), Methods in EnZymology, vol. 4, Aca 
demic Press (1985); Krogsgaard-Larsen, et al., (ed). “Design 
and Application of Prodrugs, Textbook of Drug Design and 
Development, Chapter 5, 113-191 (1991), Bundgaard, et al., 
Journal of Drug Delivery RevieWs, 8:1-38(1992), Bund 
gaard, J. of Pharmaceutical Sciences, 77:285 et seq. (1988); 
and Higuchi and Stella (eds.) Prodrugs as Novel Drug 
Delivery Systems, American Chemical Society (1975), each 
of Which is hereby incorporated by reference in its entirety. 

Intermediate 1: 5-allyl-2,3-dihydro-1H-inden-4-yl 
BenZyl Ether 

[0142] To a suspension of potassium carbonate (23.49 g, 
0.170 mol) in N,N-dimethylformamide (350 mL) Was added 
indan-4-ol (7.60 g, 0.057 mol) folloWed by allyl bromide 
(8.22 g, 0.068 mol) and the reaction mixture Was alloWed to 
stir at room temperature for 12 h. The reaction mixture Was 
diluted With Water (1000 mL) to dissolve any solids and 
extracted With diethyl ether (3><250 mL). The combined 
organic layers Were Washed With Water (4><500 mL), aque 
ous sodium chloride (400 mL), dried (magnesium sulfate) 
and the solvent Was removed in vacuo to give 4-(allyloxy 
)indane. The allyl ether Was dissolved in mesitylene (40 mL) 
and heated at re?ux for 8 h. Removal of the solvent in vacuo 
provided 5-allylindan-4-ol, Which Was re-dissolved in N,N 
dimethylformamide (250 mL). Potassium carbonate (14.28 
g, 0.103 mol), benZyl bromide (6.48 g, 0.038 mol), and 
tetrabutylammonium iodide (2.54 g, 0.007 mol) Were added 
to the reaction mixture. The reaction mixture Was alloWed to 
stir at room temperature for 12 h. The reaction mixture Was 
diluted With Water (1000 mL) to dissolve any solids and 
extracted With diethyl ether (3><250 mL). The combined 
organic layers Were Washed With Water (4><500 mL), aque 
ous sodium chloride (400 mL), dried (magnesium sulfate) 
and the solvent Was removed in vacuo to give a crude oil. 
Puri?cation by ?ash column chromatography (silica, ethyl 
acetate:hexanes 1:9) provided 10.22 g (68%) of 5-allyl-2,3 
dihydro-1H-inden-4-yl benZyl ether as a pale yelloW oil. 
Rf=0.45 (silica, ethyl acetate:hexanes 1:19); Anal. calcd. for 
C19H2OO: C, 86.32; H, 7.63. Found: C, 85.90; H, 7.49. 

Intermediate 2: (t)-3-[4-(benZyloxy)-2,3-dihydro 
1H-inden-5-yl]propane-1,2-diol 

[0143] To a suspension of AD-mix-ot (53.00 g) in Water 
(200 mL) at 0° C. Was sloWly added a solution of 5-allyl 
2,3-dihydro-1H-inden-4-yl benZyl ether (10.00 g, 37.8 
mmol) in tert-butyl alcohol (200 mL) and the reaction 
mixture Was alloWed to stir at room temperature for 12 h. 
The reaction mixture Was quenched by the addition of 
sodium hydrogen sul?te and diluted With Water (500 mL) 
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and ethyl acetate (400 mL). The aqueous phase Was 
extracted With ethyl acetate (3><200 mL) and the combined 
organic extracts Were Washed With Water (2><250 mL), 
aqueous sodium chloride (400 mL), dried (magnesium sul 
fate), and the solvent Was removed in vacuo to give a crude 
oil. Puri?cation by ?ash column chromatography (silica, 
ethyl acetate:hexanes 1:1) gave 9.10 g (91%, 31% ee) of 
(1)-3-[4-(benZyloxy)-2,3-dihydro-1H-inden-5-yl]propane 
1,2-diol as a colorless oil. Rf=0.3 (silica, ethyl acetate:hex 
anes 1:1); Anal. calcd. for C19H22O3: C, 76.48; H, 7.43. 
Found: C, 76.14; H, 7.52. 

Intermediate 3: (1)-1-[4-(benZyloxy)-2,3-dihydro 
1H-inden-5-yl]-3-{[tert-butyl(dimethyl)silyl] 

oxy}propan-2-ol 
[0144] To a solution of (1)-3-[4-(benZyloxy)-2,3-dihydro 
1H-inden-5-yl]propane-1,2-diol (9.10 g, 30.5 mmol) in N,N 
dimethylformamide (150 mL) Was added tert-butyldimeth 
ylsilyl chloride (4.83 g, 32.04 mmol) folloWed by imidaZole 
(2.49 g, 36.60 mmol) and the reaction mixture Was alloWed 
to stir at room temperature overnight. The reaction mixture 
Was quenched With methanol (5 mL) and diluted With 
diethyl ether (500 mL). The organic layer Was Washed With 
aqueous hydrogen chloride (200 mL, 0.5 N), Water (3><200 
mL), saturated aqueous sodium chloride (200 mL), dried 
(magnesium sulfate) and the solvent Was removed in vacuo 
to provide a crude oil. Puri?cation by ?ash column chro 
matography (silica, ethyl acetate:hexanes 1:4) gave 9.20 g 
(73%) of (:)-1-[4-(benZyloxy)-2,3-dihydro-1H-inden-5-yl] 
3-{[tert-butyl(dimethyl)silyl]oxy}propan-2-ol as a colorless 
oil. Rf=0.37 (silica, ethyl acetate:hexanes 1:4); Anal. calcd. 
for C25H36O3Si: C, 72.77; H, 8.79. Found: C, 72.3; H, 8.48. 

Intermediate 4: (1) -5 -(3- {[tert-butyl(dimethyl)silyl] 
oxy} -2-hydroxypropyl)indan-4-ol 

[0145] To a solution of (:)-1-[4-(benZyloxy)-2,3-dihydro 
1H-inden-5-yl]-3-{[tert-butyl(dimethyl)silyl]oxy}propan-2 
01 (9.20 g, 22.29 mmol) in ethanol (200 mL) Was added 
palladium on carbon (1.00 g, 10 Wt. %) and the reaction 
mixture Was shaken under an H2 atmosphere (50 psi) for 4 
h. The reaction mixture Was ?ltered (celite) and the solvent 
Was removed in vacuo to provide a crude oil. Puri?cation by 
?ash column chromatography (silica, ethyl acetate:hexanes 
1:6) gave 6.78 g (94%) of (:)-5-(3-{[tert-butyl(dimethyl)si 
lyl]oxy}-2-hydroxypropyl)indan-4-ol as a colorless oil. 
Rf=0.47 (silica, ethyl acetate:hexanes 1:3); Anal. calcd. for 
C18H3OO3Si: C, 67.03; H, 9.38. Found: C, 66.01; H, 9.33. 

Intermediate 5: (1)-tert-butyl(dimethyl)(3,6,7,8 
tetrahydro-2H-indeno[4,5-b]furan-2-ylmethoxy)si 

lane 

[0146] To a solution of (:)-5-(3-{[tert-butyl(dimethyl)si 
lyl]oxy}-2-hydroxypropyl)indan-4-ol (6.78 g, 21.02 mmol) 
in tetrahydrofuran (210 mL) cooled to 0° C. Was added 
triphenylphosphine (5.79 g, 22.07 mmol) folloWed by 
diethylaZodicarboxylate (3.84 g, 22.07 mmol) and the reac 
tion mixture Was alloWed to stir at room temperature over 
night. The reaction mixture Was quenched by the addition of 
Water (10 mL) and the solvent Was removed in vacuo to give 
a crude solid. Puri?cation by ?ash column chromatography 
(silica, ethyl acetate:hexanes 1:7) provided 2.93 g (46%) of 
(1)-tert-butyl(dimethyl)(3,6,7,8-tetrahydro-2H-indeno[4,5 
b]furan-2-ylmethoxy)silane as a colorless oil. Rt=0.86 
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(silica, ethyl acetate:hexanes 1:5); Anal. calcd. for 
C18H28O2Si: c, 71.0; H, 9.27. Found: c, 69.77; H, 9.21. 

Intermediate 6: (:)-3,6,7,8-tetrahydro-2H-indeno[4, 
5-b]furan-2-ylmethanol 

[0147] To a solution of (1)-tert-butyl(dimethyl)(3,6,7,8 
tetrahydro-2H-indeno[4,5-b]furan-2-ylmethoxy)silane (2.93 
g; 9.62 mmol) in tetrahydrofuran (100 mL) cooled to 0° C. 
Was added tetrabutylammonium ?uoride (10.6 mL, 1.0 M 
solution in tetrahydrofuran) and the reaction mixture Was 
alloWed to stir at room temperature for 8 h. The reaction 
mixture Was diluted With Water (200 mL) and extracted With 
ethyl acetate (2><150 mL). The combined organic extracts 
Were Washed With saturated aqueous sodium chloride (400 
mL), dried (magnesium sulfate) and the solvent Was 
removed in vacuo to give a crude oil. Puri?cation by ?ash 
column chromatography (silica, ethyl acetate:hexanes 1:3) 
afforded 1.67 g (91%) of (:)-3,6,7,8-tetrahydro-2H-indeno 
[4,5-b]furan-2-ylmethanol as a colorless oil. Rt=0.63 (silica, 
ethyl acetate:hexanes 1:2); Anal. calcd. for C12H14O2: C, 
75.76; H, 7.42. Found: C, 74.46; H, 7.44. 

Intermediate 7: (:)-benZyl 3,6,7,8-tetrahydro-2H 
indeno[4,5-b]furan-2-ylmethylcarbamate 

[0148] To a solution of (:)-1-(3,6,7,8-tetrahydro-2H-in 
deno[4,5-b]furan-2-yl)methanamine (0.568 g, 3.00 mmol) in 
tetrahydrofuran (30 mL) cooled to 00 C. Was added diiso 
propylethylamine (0.427 g, 3.30 mmol) folloWed by benZyl 
chloroformate (0.538 g, 3.15 mmol) and the reaction mix 
ture Was alloWed to stir at 0° C. for 1 h. The reaction mixture 
Was quenched by the addition of saturated aqueous ammo 
nium chloride (100 mL) and extracted With diethyl ether 
(2><150 mL). The combined organic extracts Were Washed 
With saturated aqueous sodium chloride (100 mL), dried 
(magnesium sulfate), and the solvent Was removed in vacuo 
to provide a crude oil. Puri?cation by ?ash column chro 
matography (silica, ethyl acetate:hexanes 1:9) afforded 
0.663 g (68%) of (:)-benZyl 3,6,7,8-tetrahydro-2H-indeno 
[4,5-b]furan-2-ylmethylcarbamate as a White solid. Rf=0.30 
(silica, ethyl acetate:hexanes 1:9); mp 99-101° C.; Anal. 
calcd. for C2OH21NO3: C, 74.28; H, 6.55; N, 4.33. Found: C, 
73.82; H, 6.53; N, 4.25. Chiral HPLC separation of (1) 
benZyl 3,6,7,8-tetrahydro-2H-indeno[4,5-b]furan-2-ylmeth 
ylcarbamate (Chiralcel OJ, isopropanol:hexane 7:3) pro 
vided tWo fractions. Fraction 1 (Rt=13.237 min, Chiralcel 
OJ, isopropanol:hexanes 3:7); Fraction 2 (Rt=16.526 min, 
Chiralcel OJ, isopropanol:hexanes 3:7). 

Intermediate 8: 
2-allyl-5,6,7,8-tetrahydronaphthalen-1-yl BenZyl 

Ether 

[0149] Treatment of 2-allyl-5,6,7,8-tetrahydronaphthalen 
1-ol (18.48 g, 0.098 mol) With potassium carbonate (41.46 
g, 0.300 mol), benZyl bromide (18.81 g, 0.110 mol), and 
tetrabutylammonium iodide (7.39 g, 0.020 mol) generally 
according to the procedure described for Intermediate 1 
afforded 24.05 g (88%) of 2-allyl-5,6,7,8-tetrahydronaph 
thalen-1-yl benZyl ether as a pale yelloW oil. Rf=0.39 (silica, 
ethyl acetate:hexanes 1:19); Anal. calcd. for 
C2OH22O02H2O: C, 85.19; H, 8.01. Found: C, 84.95; H, 
7.75. 
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Intermediate 9: (:)-3-[1-(benZyloxy)-5,6,7,8-tet 
rahydronaphthalen-2-yl]propane-1,2-diol 

[0150] Treatment of 2-allyl-5,6,7,8-tetrahydronaphthalen 
1-yl benZyl ether (11.02 g, 0.040 mol) With AD-IIllX-(X 
(55.42 g) generally according to the procedure described for 
Intermediate 2 gave 9.6 g (78%, 32% ee) of (:)-3-[1 
(benZyloxy)-5,6,7,8-tetrahydronaphthalen-2-yl]propane-1, 
2-diol as a colorless oil. Rf=0.42 (silica, ethyl acetate:hex 
anes 1:1); Anal. calcd. for C2OH24O.0.5H2O: C, 74.74; H, 
7.84. Found: C, 74.39; H, 7.60. 

Intermediate 10: (:)-1-[1-(benZyloxy)-5,6,7,8-tet 
rahydronaphthalen-2-yl]-3-{[tert-butyl(dimethyl)si 

lyl]oxy}propan-2-ol 
[0151] Treatment of (:)-3-[1-(benZyloxy)-5,6,7,8-tetrahy 
dronaphthalen-2-yl]propane-1,2-diol (9.6 g, 0.031 mol) With 
tert-butyldimethylsilyl chloride (4.86 g, 0.032 mol) and 
imidaZole (2.51 g, 0.037 mol) generally according to the 
procedure described for Intermediate 3 afforded 7.93 g 
(61%) of (:)-1-[1-(benZyloxy)-5,6,7,8-tetrahydronaphtha 
len-2-yl]-3-{[tert-butyl(dimethyl)silyl]oxy}propan-2-ol as a 
colorless oil. Rf=0.63 (silica, ethyl acetate:hexanes 1:3); 1H 
NMR (DMso-d6) 6H 7.48 (d, 2H); 7.35 (m, 3H); 7.03 (d, 
1H); 6.78 (d, 1H); 4.77 (q, 2H); 4.55 (d, 1H); 3.75 (m, 1H); 
3.45 (m, 2H); 2.85 (dd, 1H); 2.69 (m, 4H), 2.51 (dd, 1H); 
1.68 (m, 4H); 0.8 (s, 9H); 0.0 (d, 6H). 

Intermediate 11: (:)-2-(3- {[tert-butyl(dimethyl)silyl] 
oxy} -2-hydroxypropyl)-5,6,7,8 -tetrahydronaphtha 

len-1 -ol 

[0152] Treatment of (1)-1-[1-(benZyloxy)-5,6,7,8-tetrahy 
dronaphthalen-2-yl]-3-{[tert-butyl(dimethyl)silyl] 
oxy}propan-2-ol (7.93 g, 0.019 mol) With palladium on 
carbon (10 Wt. %, 0.80 g) generally according to the 
procedure described for Intermediate 4 gave 5.75 g (92%) of 
(:)-2-(3-{[tert-butyl(dimethyl)silyl]oxy}-2-hydroxypro 
pyl)-5,6,7,8-tetrahydronaphthalen-1-ol as a colorless oil. 
Rf=0.55 (silica, ethyl acetate:hexanes 1:3); Anal. calcd. for 
c19H32o3si03c4H8o2; c, 66.84; H, 9.55. Found: c, 
66.47; H, 9.74. 

Intermediate 12: (1)-tert-butyl(2,3,6,7,8,9-hexahy 
dronaphtho[1,2-b]furan-2-ylmethoxy)dimethylsilane 

[0153] Treatment of (:)-2-(3-{[tert-butyl(dimethyl)silyl] 
oxy}-2-hydroxypropyl)-5,6,7,8-tetrahydronaphthalen-1-ol 
(5.75 g, 0.017 mol) With triphenylphosphine (4.71 g, 0.018 
mol) and diethylaZodicarboxylate (3.12 g, 0.018 mol) gen 
erally according to the procedure described for Intermediate 
5 provided 4.38 g (80%) of (1)-tert-butyl(2,3,6,7,8,9 
hexahydronaphtho[1,2-b]furan-2-ylmethoxy)dimethylsilane 
as a colorless oil. Rf=0.71 (silica, ethyl acetate:hexanes 1:5); 
Anal. calcd. for C19H3OO2Si: C, 71.64; H, 9.49. Found: C, 
71.4; H, 9.62. 

Intermediate 13: (1)-2,3,6,7,8,9-hexahydronaphtho 
[1,2-b]furan-2-ylmethanol 

[0154] Treatment of (:)-tert-butyl(2,3,6,7,8,9-hexahy 
dronaphtho[1,2-b]furan-2-ylmethoxy)dimethylsilane (4.38 
g; 0.014 mol) With tetrabutylammonium ?uoride (16.5 mL, 
1.0 M solution in tetrahydrofuran) generally according to the 
procedure described for Intermediate 6 afforded 1.9 g (67%) 
of (1)-2,3,6,7,8,9-hexahydronaphtho[1,2-b]furan-2-yl 

Jun. 9, 2005 

methanol as a colorless oil. Rt=0.12 (silica, ethyl acetate 
:hexanes 1:4); Anal. calcd. for C13H16O2.0.1H2O: C, 75.77; 
H, 7.92. Found: C, 75.77; H, 7.93. 

Intermediate 14: (:)-2,3,6,7,8,9-hexahydronaphtho 
[1,2-b]furan-2-ylmethyl 4-methylbenZenesulfonate 

[0155] To a solution of (1)-2,3,6,7,8,9-hexahydronaphtho 
[1,2-b]furan-2-ylmethanol (1.37 g, 6.71 mmol) in dichlo 
romethane (50 mL) Was added p-toluenesulfonyl chloride 
(2.56 g, 13.41 mmol), 4-(dimethylamino)pyridine (0.164 g, 
1.34 mmol), and triethylamine (1.70 g, 16.77 mmol) and the 
reaction mixture Was alloWed to stir at 40° C. for 12 h. The 
reaction mixture Was diluted With Water (250 mL) and the 
aqueous layer extracted With dichloromethane (2><150 mL). 
The combined organic extracts Were Washed With saturated 
aqueous sodium chloride, dried (magnesium sulfate), and 
the solvent Was removed in vacuo to provide a crude oil. 
Puri?cation by ?ash column chromatography (silica, ethyl 
acetate:hexanes 1:5) gave 2.05 g (85%) of (:)-2,3,6,7,8,9 
hexahydronaphtho[1,2-b]furan-2-ylmethyl 4-methylbenZe 
nesulfonate as a colorless oil. Rf=0.5 (silica, ethyl acetate 
:hexanes 1:4); Anal. calcd. for C2OH22O4S: C, 67.01; H, 
6.19. Found: C, 66.50; H, 6.27. 

Intermediate 15: (:)-benZyl 2,3,6,7,8,9-hexahy 
dronaphtho[1,2-b]furan-2-ylmethylcarbamate 

[0156] Treatment of (1)-1-(2,3,6,7,8,9-hexahydronaphtho 
[1,2-b]furan-2-yl)methanamine (0.846 g, 4.16 mmol) With 
diisopropylethylamine (0.592 g, 4.58 mmol) folloWed by 
benZyl chloroformate (0.745 g, 4.37 mmol) generally 
according to the procedure described for Intermediate 7 
provided 1.11 g (79%) of (:)-benZyl 2,3,6,7,8,9-hexahy 
dronaphtho[1,2-b]furan-2-ylmethylcarbamate as a White 
solid. Rf=0.39 (silica, ethyl acetate:hexanes 1:4); mp 88-90° 
C.; 1H NMR (DMSO-d6) 6H 7.49 (t, 1H); 7.33 (m, 4H); 6.87 
(d, 1H); 6.50 (d, 1H); 5.02 (s, 2H); 4.76 (m, 1H); 3.20 (m, 
3H); 2.83 (dd, 1H); 2.62 (s, 2H); 2.49 (m, 2H); 1.67 (m, 4H). 
Chiral HPLC separation of (:)-benZyl 2,3,6,7,8,9-hexahy 
dronaphtho[1,2-b]furan-2-ylmethylcarbamate (Chiralcel OJ, 
isopropanol:hexane 9:1) provided tWo fractions. Fraction 1 
(Rt=11.576 min, Chiralcel OD, isopropanol:hexanes 1:9); 
Fraction 2 (Rt=14.729 min, Chiralcel OD, isopropanol:hex 
anes 1:9). 

Intermediate 16: 
5-allyl-4-(benZyloxy)-7-methylindane 

[0157] Treatment of 7-methylindan-4-ol (10.00 g, 0.067 
mol) With potassium carbonate (37.3 g, 0.270 mol) and allyl 
bromide (9.80 g, 0.081 mol) generally according to the 
procedure described for Intermediate 1 afforded 4-(ally 
loxy)-7-methylindane. Re?uxing the allyl ether in mesity 
lene generally according to the procedure described for 
Intermediate 1 gave 5-allyl-7-methylindan-4-ol. Treatment 
of the phenyl With potassium carbonate (27.99 g, 0.203 mol) 
and benZyl bromide (12.70 g, 0.074 mol) generally accord 
ing to the procedure described for Intermediate 1 provided 
8.41 g (45%) of 5-allyl-4-(benZyloxy)-7-methylindane as a 
colorless oil. Rt=0.42 (silica, ethyl acetate:hexanes 1:19); 
Anal. calcd. for C2OH22O.0.3H2O: C, 84.65; H, 8.03. Found: 
C, 84.64; H, 7.78. 

Intermediate 17: (1)-3-[4-(benZyloxy)-7-methyl-2,3 
dihydro-1H-inden-5-yl]propane-1,2-diol 

[0158] Treatment of 5-allyl-4-(benZyloxy)-7-methylin 
dane (8.41 g, 0.030 mol) WithAD-mix-ot (42.29 g) generally 
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according to the procedure described for Intermediate 2 
afforded 9.12 g (97%, 26% ee) of (:)-3-[4-(benZyloxy)-7 
methyl-2,3-dihydro-1H-inden-5-yl]propane-1,2-diol as a 

White solid. Rf=0.45 (silica, ethyl acetate:hexanes 1:1); mp 
77-80° C.; Anal. calcd. for C2OH24O3: C, 76.89; H, 7.74. 
Found: C, 76.79; H, 7.7. 

Intermediate 18: (1)-(5-methyl-3,6,7,8-tetrahydro 
2H-indeno[4,5-b]furan-2-yl)methyl 4-methylbenZe 

nesulfonate 

[0159] To a solution of (1)-3-[4-(benZyloxy)-7-methyl-2, 
3-dihydro-1H-inden-5-yl]propane-1,2-diol (9.12 g, 0.029 
mol) in anhydrous pyridine (290 mL) cooled to 0° C. Was 
added p-toluenesulfonyl chloride (5.84 g, 0.031 mol) and the 
reaction mixture Was alloWed to stir for at 0° C. 12 h. The 
reaction mixture Was quenched by the addition of Water (10 
mL) and the reaction mixture Was alloWed to stir at room 
temperature for 15 min. The reaction mixture Was diluted 
With ethyl acetate (800 mL) and Washed With aqueous 
hydrogen chloride (4><1000 mL, 2.0 N), Water (500 mL), 
saturated aqueous sodium chloride (500 mL), dried (mag 
nesium sulfate), and the solvent Was removed in vacuo to 
afford (:)-3-[4-(benZyloxy)-7-methyl-2,3-dihydro-1H-in 
den-5-yl]-2-hydroxypropyl 4-methylbenZenesulfonate as a 
crude solid. Treatment of the tosylate With palladium on 
carbon (10 Wt. %, 1.50 g) generally according to the 
procedure described for Intermediate 11 provided (:)-2 
hydroxy-3-(4-hydroxy-7-methyl-2,3-dihydro-1H-inden-5 
yl)propyl 4-methylbenZenesulfonate. Treatment of the phe 
nyl With triphenylphoshine (10.17 g, 0.039 mol) and 
diethylaZodicarboxylate (6.75 g, 0.039 mol) generally 
according to the procedure described for Intermediate 12 
gave 9.44 g (91%) of (:)-(5-methyl-3,6,7,8-tetrahydro-2H 
indeno[4,5-b]furan-2-yl)methyl 4-methylbenZenesulfonate 
as a White solid. Rf=0.62 (silica, ethyl acetate:hexanes 1:4); 
mp 61-64° C.; Anal. calcd. for C2OH22O4S: C, 67.01; H, 
6.19. Found: C, 67.02; H, 6.15. 

Intermediate 19: (:)-benZyl (5 -methyl-3,6,7,8-tet 
rahydro-2H-indeno[4,5-b]furan-2-yl)methylcarbam 

ate 

[0160] Treatment of (1)-1-(5-methyl-3,6,7,8-tetrahydro 
2H-indeno[4,5-b]furan-2-yl)methanamine (2.28 g, 11.2 
mmol) With diisopropylethylamine (2.16 g, 16.7 mmol) 
folloWed by benZyl chloroformate (2.19 g, 12.8 mmol) 
generally according to the procedure described for Interme 
diate 15 gave 4.05 g (81%) of (:)-benZyl (5-methyl-3,6,7, 
8-tetrahydro-2H-indeno[4,5-b]furan-2-yl)methylcarbamate 
as a White solid. Rf=0.33 (silica, ethyl acetate:hexanes 1:4); 
mp 109-113° C.; Anal. calcd. for C21H23NO3: C, 74.75; H, 
6.87; N, 4.15. Found: C, 74.42; H, 6.91; N, 4.10. Chiral 
HPLC separation of (:)-benZyl (5-methyl-3,6,7,8-tetrahy 
dro-2H-indeno[4,5-b]furan-2-yl)methylcarbamate (Chiral 
cel OJ, methanol) provided tWo fractions. Fraction 1 (Rt= 
19.001 min, Chiralcel OJ, methanol); Fraction 2 (Rt=23.125 
min, Chiralcel OJ, methanol). 

Intermediate 20: (+)-benZyl (5-methyl-3,6,7,8-tet 
rahydro-2H-indeno[4,5-b]furan-2-yl)methylcarbam 

ate 

[0161] Isolation of fraction 1 obtained from the chiral 
HPLC separation (Chiralcel OJ, methanol) of (:)-benZyl 
(5-methyl-3,6,7,8-tetrahydro-2H-indeno[4,5-b]furan-2-yl 
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)methylcarbamate provided (+)-benZyl (5-methyl-3,6,7,8 
tetrahydro-2H-indeno[4,5-b]furan-2-yl)methylcarbamate as 
a White solid. [ot]D25=+36.02 (c 10.0 in chloroform); mp 
128-131° C.; Anal. calcd. for C21H23NO3.0.2H2O: C, 73.96; 
H, 6.92; N, 4.11. Found: c, 73.86; H, 6.73; N, 4.07. 

Intermediate 21: (—)-benZyl (5-methyl-3,6,7,8-tet 
rahydro-2H-indeno[4,5-b]furan-2-yl)methylcarbam 

ate 

[0162] Isolation of fraction 2 obtained from the chiral 
HPLC separation (Chiralcel OJ, methanol) of (:)-benZyl 
(5-methyl-3,6,7,8-tetrahydro-2H-indeno[4,5-b]furan-2-yl 
)methylcarbamate provided (—)-benZyl (5-methyl-3,6,7,8 
tetrahydro-2H-indeno[4,5-b]furan-2-yl)methylcarbamate as 
a White solid. [ot]D25=—37.00 (c 10.0 in chloroform); mp 
128-131° C.; Anal. calcd. for C21H23NO3.0.2H2O: C, 73.96; 
H, 6.92; N, 4.11. Found: c, 73.77; H, 6.77; N, 4.05. 

Intermediate 22: (:)-1-[1-(benZyloxy)-2-naphthyl] 
3-{[tert-butyl(dimethyl)silyl]oxy}propan-2-ol 

[0163] Treatment of 2-allyl-1-(benZyloxy)naphthalene 
(15.00 g, 54.7 mmol) With AD-mix-ot (76.54 g) generally 
according to the procedure described for Intermediate 2 
afforded 16.00 g (69%) of (:)-3-[1-(benZyloxy)-2-naphthyl] 
propane-1,2-diol as an oil. Treatment of the diol With 
tert-butyldimethylsilyl chloride (8.60 g, 57.1 mmol) and 
imidaZole (4.42 g, 64.9 mmol) generally according to the 
procedure described for Intermediate 3 gave 19.3 g (83%, 
42% ee) of (:)-1-[1-(benZyloxy)-2-naphthyl]-3-{[tert-bu 
tyl(dimethyl)silyl]oxy}propan-2-ol as a colorless oil. Anal. 
calcd. for C26H34O3Si.0.5H2O: C, 72.35; H, 8.17. Found: C, 
72.34; H, 8.16. 

Intermediate 23: (1)-tert-butyl(2,3-dihydronaphtho 
[1 ,2-b]furan-2-ylmethoxy)dimethylsilane 

[0164] Treatment of (y)-1-[1-(benZyloxy)-2-naphthyl]-3-{ 
[tert-butyl(dimethyl)silyl]oxy}propan-2-ol (19.00 g, 45.0 
mmol) With palladium on carbon (10 Wt. %, 1.90 g) gener 
ally according to the procedure described for Intermediate 4 
provided 13.2 g (91%) of (1)-2-(3-{[tert-butyl(dimethyl)si 
lyl]oxy}-2-hydroxypropyl)-1-naphthol as an oil. Treatment 
of the phenyl With triphenylphosphine (10.52 g, 40.1 mmol) 
folloWed by diethylaZodicarboxylate (6.98 g, 40.1 mmol) 
generally according to the procedure described for Interme 
diate 4 afforded 5.49 g (44%) of (:)-tert-butyl(2,3-dihy 
dronaphtho[1,2-b]furan-2-ylmethoxy)dimethylsilane as a 

colorless oil. Anal. calcd. for C19H26O2Si: C, 72.56; H, 8.33. 
Found: C, 72.23; H, 8.61. 

Intermediate 24: (1)-2-(aZidomethyl)-2,3-dihy 
dronaphtho[1,2-b]furan 

[0165] Treatment of (1)-tert-butyl(2,3-dihydronaphtho[1, 
2-b]furan-2-ylmethoxy)dimethylsilane (2.70 g; 8.59 mmol) 
With tetrabutylammonium ?uoride (9.4 mL, 1.0 M solution 
in tetrahydrofuran) generally according to the procedure 
described for Intermediate 6 gave (:)-2,3-dihydronaphtho 
[1,2-b]furan-2-ylmethanol. Treatment of the alcohol With 
p-toluenesulfonyl chloride (1.64 g, 8.59 mmol), 4-(dimethy 
lamino)pyridine (0.105 g, 0.86 mmol), and triethylamine 
(1.67 g, 12.89 mmol) generally according to the procedure 
described for Intermediate 14 provided (:)-2,3-dihy 
dronaphtho[1,2-b]furan-2-ylmethyl 4-methylbenZene 
sulfonate. To a solution of the tosylate in dimethylsulfoxide 
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(50 mL) Was added sodium aZide (0.558 g, 8.59 mmol) and 
the reaction mixture Was allowed to stir at 70° C. for 12 h, 
cooled to room temperature, diluted With Water (200 mL) 
and extracted With diethyl ether (2><100 mL). The combined 
organic extracts Were Washed With Water (4><75 mL), satu 
rated aqueous sodium chloride (75 mL), dried (magnesium 
sulfate), and the solvent Was removed in vacuo to provide a 
crude oil. Puri?cation by ?ash column chromatography 
(silica, ethyl acetate:hexanes 1:9) provided 1.38 g (71%) of 
(1)-2-(aZidomethyl)-2,3-dihydronaphtho[1,2-b]furan as a 
colorless oil. Rf=0.46 (silica, ethyl acetate:hexanes 1:9); 
Anal. calcd. for C13H11N3O.0.1H2O: C, 68.77; H, 4.97; N, 
18.51. Found: C, 68.4; H, 4.62; N, 18.12. 

Intermediate 25: (:)-benZyl 
2,3-dihydronaphtho[1,2-b]furan-2-ylmethylcarbamate 

[0166] Treatment of (:)-1-(2,3-dihydronaphtho[1,2-b]fu 
ran-2-yl)methanamine (1.19 g, 5.97 mmol) With diisopro 
pylethylamine (0.849 g, 6.57 mmol) folloWed by benZyl 
chloroformate (1.07 g, 6.27 mmol) generally according to 
the procedure described for Intermediate 7 afforded 1.80 g 
(90%) of (:)-benZyl 2,3-dihydronaphtho[1,2-b]furan-2-ylm 
ethylcarbamate as a White solid. Rf=0.47 (silica, ethyl 
acetate:hexanes 1:4); mp 110-112° C.; Anal. calcd. for 
C21H19NO3: C, 75.66; H, 5.74; N, 4.2. Found: C, 75.4; H, 
5.57; N, 4.12. Chiral HPLC separation of (:)-benZyl 2,3 
dihydronaphtho[1,2-b]furan-2-ylmethylcarbamate (Chiral 
cel OJ, ethanol) provided tWo fractions. Fraction 1 (Rt= 
19.572 min, Chiralcel OJ, ethanol); Fraction 2 (Rt=30.782 
min, Chiralcel 0], ethanol). 

Intermediate 26: (:)-benZyl 2,3,5,6,7,8-hexahy 
dronaphtho[2,3-b]furan-2-ylmethylcarbamate 

[0167] Treatment of a mixture of 1-allyl-5,6,7,8-tetrahy 
dronaphthalen-2-yl benZyl ether and 3-allyl-5,6,7,8-tetrahy 
dronaphthalen-2-yl benZyl ether (26.12 g, 0.094 mol) With 
AD-mix-ot (131.36 g) generally according to the procedure 
described for Intermediate 2 provided a mixture of (:)-3 
[3-(benZyloxy)-5,6,7,8-tetrahydronaphthalen-2-yl]propane 
1,2-diol and (:)-3-[2-(benZyloxy)-5,6,7,8-tetrahydronaph 
thalen-1-yl]propane-1,2-diol. Treatment of the diol (5.00 g, 
16.00 mmol) With tert-butyldimethylsilyl chloride (2.65 g, 
17.6 mmol) and imidaZole (1.31 g, 19.2 mmol) generally 
according to the procedure described for Intermediate 3 
afforded (:)-1-[3-(benZyloxy)-5,6,7,8-tetrahydronaphtha 
len-2-yl]-3-{[tert-butyl(dimethyl)silyl]oxy}propan-2-ol and 
(:)-1-[2-(benZyloxy)-5,6,7,8-tetrahydronaphthalen-1-yl]-3 
{[tert-butyl(dimethyl)silyl]oxy}propan-2-ol. Treatment of 
the benZyl ether (5.2 g, 12.2 mmol) With palladium on 
carbon (10 Wt. %, 0.52 g) generally according to the 
procedure described for Intermediate 4 gave (:)-3-(3-{[tert 
butyl(dimethyl)silyl]oxy}-2-hydroxypropyl)-5,6,7,8-tet 
rahydronaphthalen-2-ol and (1)-1-(3-{[tert-butyl(dimethyl 
)silyl]oxy}-2-hydroxypropyl)-5,6,7,8 
tetrahydronaphthalen-2-ol. Treatment of the phenyl (4.32 g, 
12.8 mmol) With triphenylphosphine (4.04 g, 15.4 mmol) 
and diethylaZodicarboxylate (2.68 g, 15.4 mmol) generally 
according to the procedure described for Intermediate 5 
provided (:)-tert-butyl(2,3,5,6,7,8-hexahydronaphtho[2,3 
b]furan-2-ylmethoxy)dimethylsilane and (:)-tert-butyl(1,2, 
6,7,8,9-hexahydronaphtho[2,1-b]furan-2-ylmethoxy)dim 
ethylsilane. Treatment of the dihydrobenZofuran (2.82 g, 
8.91 mmol) With tetrabutylammonium ?uoride (10.0 mL, 
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1.0 M solution in tetrahydrofuran) generally according to the 
procedure described for Intermediate 6 afforded (:)-2,3,5, 
6,7,8-hexahydronaphtho[2,3-b]furan-2-ylmethanol and (1) 
1,2,6,7,8,9-hexahydronaphtho[2,1-b]furan-2-ylmethanol. 
Treatment of the alcohol (2.53 g, 12.4 mmol) With p-tolu 
enesulfonyl chloride (3.54 g, 18.6 mmol), 4-(dimethylami 
no)pyridine (0.151 g, 1.24 mmol), and triethylamine (2.26 g, 
22.3 mmol) generally according to the procedure described 
for Intermediate 14 provided (:)-2,3,5,6,7,8-hexahy 
dronaphtho[2,3-b]furan-2-ylmethyl 4-methylbenZene 
sulfonate and (1)-1,2,6,7,8,9-hexahydronaphtho[2,1-b]fu 
ran-2-ylmethyl 4-methylbenZenesulfonate. Treatment of the 
tosylate (3.00 g, 8.37 mmol) With sodium aZide (1.63 g, 25.1 
mmol) generally according to the procedure described for 
Intermediate 24 afforded (1)-2-(aZidomethyl)-2,3,5,6,7,8 
hexahydronaphtho[2,3-b]furan and (:)-2-(aZidomethyl)-1,2, 
6,7,8,9-hexahydronaphtho[2,1-b]furan. Treatment of the 
resulting aZide With palladium on carbon (10 Wt. %, 0.191 
g) generally according to the procedure described for 
Example 2 afforded (:)-1-(2,3,5,6,7,8-hexahydronaphtho[2, 
3-b]furan-2-yl)methanamine and (1)-1-(1,2,6,7,8,9-hexahy 
dronaphtho[2,1-b]furan-2-yl)methanamine. Treatment of 
the amine (1.34 g, 6.57 mmol) With diisopropylethylamine 
(2.12 g, 16.44 mmol) and benZyl chloroformate (1.23 g, 7.23 
mmol) generally according to the procedure described for 
Intermediate 7 gave (:)-benZyl 2,3,5,6,7,8-hexahydronaph 
tho[2,3-b]furan-2-ylmethylcarbamate and (:)-benZyl 1,2,6, 
7,8,9-hexahydronaphtho[2,1-b]furan-2-ylmethylcarbamate. 
Chiral HPLC separation of the consititutional isomers 
(Chiralcel 0], ethanol) provided benZyl 2,3,5,6,7,8-hexahy 
dronaphtho[2,3-b]furan-2-ylmethylcarbamate as a White 
solid. mp 114-115° C.; Anal. calcd. for C21H23NO3: C, 
74.75; H, 6.87; N, 4.15. Found: C, 74.7; H, 6.95; N, 4.12. 

Intermediate 27: (1R*,4S*)-5-(allyloxy)-8-methoxy 
1,2,3,4-tetrahydro-1,4-methanonaphthalene 

[0168] Treatment of (1R*,4S*)-8-methoxy-1,2,3,4-tet 
rahydro-1,4-methanonaphthalen-5-ol (14.61 g, 0.077 mol) 
With potassium carbonate (31.84 g, 0.23 mol) and allyl 
bromide (10.68 g, 0.088 mol) generally according to the 
procedure described for Intermediate 1 provided 15.8 g 
(89%) of (1R*,4S*)-5-(allyloxy)-8-methoxy-1,2,3,4-tet 
rahydro-1,4-methanonaphthalene as a colorless oil. Anal. 
calcd. for C15H18O2.0.3H2O: C, 76.44; H, 7.95. Found: C, 
76.43; H, 7.79. 

Intermediate 28: (1R* ,4S *)-6-allyl-8-methoxy- 1 ,2,3, 
4-tetrahydro-1 ,4-methanonaphthalen-5 -ol 

[0169] Treatment of (1R*,4S*)-5-(allyloxy)-8-methoxy-1, 
2,3,4-tetrahydro-1,4-methanonaphthalene (15.8 g, 0.069 
mol) in re?uxing mesitylene generally according to the 
procedure described for Intermediate 1 gave 12.58 g (80%) 
of (1R*,4S*)-6-allyl-8-methoxy-1,2,3,4-tetrahydro-1,4 
methanonaphthalen-5-ol as a colorless oil. Anal. calcd. for 
C2OH22O.0.2H2O: C, 77.02; H, 7.93. Found: C, 76.68; H, 
7.88. 

Intermediate 29: (1R* ,4S *)-6-allyl-5 -(benZyloxy) -8 
methoxy- 1,2,3,4-tetrahydro-1 ,4-methanonaphthalene 

[0170] Treatment of (1R*,4S*)-6-allyl-8-methoxy-1,2,3, 
4-tetrahydro-1,4-methanonaphthalen-5-ol (14.2 g, 61.66 
mmol) With potassium carbonate (34.09 g, 0.247 mol), 
benZyl bromide (11.07 g, 64.74 mmol), and tetrabutylam 
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monium iodide (0.224 g, 6.166 mmol) generally according 
to the procedure described for Intermediate 1 provided 17.86 
g (90%) of (1R*,4S*)-6-allyl-5-(benZyloXy)-8-methoXy-1, 
2,3,4-tetrahydro-1,4-methanonaphthalene as a colorless oil. 

Anal. calcd. for C22H2402-05H2O: C, 80.21; H, 7.65. 
Found: C, 79.81; H, 7.48. 

Intermediate 30: (2S *)-3 -[(1R* ,4S *)-5 -(benZyloXy) 
8-methoXy-1 ,2,3,4-tetrahydro- 1,4-methanonaphtha 

len-6-yl]prop ane-1 ,2-diol 
[0171] Treatment of (1R*,4S*)-6-allyl-5-(benZyloXy)-8 
methoXy-1,2,3,4-tetrahydro-1,4-methanonaphthalene (17.80 
g, 55.55 mmol) With AD-IIllX-(X (77.77 g) generally accord 
ing to the procedure described for Intermediate 2 provided 
13.99 g (71%) of (2S*)-3-[(1R*,4S*)-5-(benZyloXy)-8 
methoXy-1,2,3,4-tetrahydro-1,4-methanonaphthalen-6-yl] 
propane-1,2-diol as a colorless oil. Anal. calcd. for 
C22H26O4.0.3H2O: C, 73.43; H, 7.45. Found: C, 73.23; H, 
7.7. 

Intermediate 31: [(2R*,6R*,9S*)-5-methoXy-2,3,6, 
7,8,9-heXahydro-6,9-methanonaphtho[1,2-b]furan-2 

yl]methyl 4-methylbenZenesulfonate 
[0172] Treatment of (2S*)-3-[(1R*,4S*)-5-(benZyloXy)-8 
methoXy-1,2,3,4-tetrahydro-1,4-methanonaphthalen-6-yl] 
propane-1,2-diol (13.95 g, 39.56 mmol) With p-toluene 
sulfonyl chloride (8.25 g, 43.92 mmol) in anhydrous 
pyridine (350 mL) generally according to the procedure 
described for Intermediate 18 gave (2S*)-3-[(1R*,4S*)-5 
(benZyloXy)-8-methoXy-1,2,3,4-tetrahydro-1,4-methanon 
aphthalen-6-yl]-2-hydroXypropyl 4-methylbenZene 
sulfonate. Treatment of the tosylate With palladium on 
carbon (10 Wt. %, 1.6 g) generally according to the proce 
dure described for Intermediate 4 provided 12.77 g (77%) of 
(2S*)-2-hydroXy-3-[(1R*,4S*)-5-hydroXy-8-methoXy-1,2, 
3,4-tetrahydro-1,4-methanonaphthalen-6-yl]propyl 4-meth 
ylbenZenesulfonate. Treatment of the phenyl (12.73 g, 30.4 
mmol) With triphenylphosphine (8.78 g, 33.5 mmol) fol 
loWed by diethylaZodicarboXylate (5.83 g, 33.5 mmol) gen 
erally according to the procedure described for Intermediate 
5 afforded 7.67 g (48%) of [(2R*,6R*,9S*)-5-methoXy-2,3, 
6,7,8,9-heXahydro-6,9-methanonaphtho[1,2-b]furan-2-yl] 
methyl 4-methylbenZenesulfonate as a colorless oil. Anal. 
calcd. for C22H24O5S: C, 65.98; H, 6.04. Found: C, 65.61; 
H, 5.92. 

Intermediate 32: 6-allyl-5-(benZyloXy)-8-methoXy 
1 ,2,3,4-tetrahydro-1 ,4-ethanonaphthalene 

[0173] Treatment of 8-methoXy-1,2,3,4-tetrahydro-1,4 
ethanonaphthalen-5-ol (11.30 g, 0.055 mol) With potassium 
carbonate (22.94 g, 0.166 mol) and allyl bromide (7.36 g, 
0.061 mol) generally according to the procedure described 
for Intermediate 1 afforded 5-(allyloXy)-8-methoXy-1,2,3,4 
tetrahydro-1,4-ethanonaphthalene. Treatment of the allyl 
ether in re?uxing mesitylene generally according to the 
procedure described for Intermediate 1 gave 6-allyl-8-meth 
oXy-1,2,3,4-tetrahydro-1,4-ethanonaphthalen-5-ol. Treat 
ment of the phenyl With potassium carbonate (20.04 g, 0.145 
mol), benZyl bromide (9.09 g, 0.053 mol), and tetrabuty 
lammonium iodide (1.79 g, 0.005 mol) generally according 
to the procedure described for Intermediate 1 provided 15.05 
g (82%) of 6-allyl-5-(benZyloXy)-8-methoXy-1,2,3,4-tet 
rahydro-1,4-ethanonaphthalene as a colorless oil. Anal. 
calcd. for C23H26O2.0.1H2O: C, 82.16; H, 7.85. Found: C, 
81.98; H, 7.71. 
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Intermediate 33: (:)-3-[5-(benZyloXy)-8-methoXy-1, 
2,3,4-tetrahydro-1,4-ethanonaphthalen-6-yl]propane 

1,2-diol 
[0174] Treatment of 6-allyl-5-(benZyloXy)-8-methoXy-1, 
2,3,4-tetrahydro-1,4-ethanonaphthalene (15.00 g, 44.8 
mmol) With AD-miX-ot (62.79 g) generally according to the 
procedure described for Intermediate 2 provided 15.85 g 
(96%, 36% ee) of (1)-3-[5-(benZyloXy)-8-methoXy-1,2,3,4 
tetrahydro-1,4-ethanonaphthalen-6-yl]propane-1,2-diol as a 

colorless oil. Anal. calcd. for C23H28O4.0.4H2O: C, 73.53; 
H, 7.73. Found: C, 73.14; H, 7.59. 

Intermediate 34: (:)-3-[5-(benZyloXy)-8-methoXy-1, 
2,3,4-tetrahydro-1,4-ethanonaphthalen-6-yl]-2-hy 

droXypropyl 4-methylbenZenesulfonate 

[0175] Treatment of (:)-3-[5-(benZyloXy)-8-methoXy-1,2, 
3,4-tetrahydro-1,4-ethanonaphthalen-6-yl]propane-1,2-diol 
(15.82 g, 0.043 mol) With p-toluenesulfonyl chloride (9.00 
g, 0.047 mol) in anhydrous pyridine (400 mL) generally 
according to the procedure described for Intermediate 18 
gave 20.12 g (90%) of (:)-3-[5-(benZyloXy)-8-methoXy-1, 
2,3,4-tetrahydro-1,4-ethanonaphthalen-6-yl]-2-hydroXypro 
pyl 4-methylbenZenesulfonate as a colorless oil. Anal. calcd. 
for C3OH34O6S.0.5H2O: C, 67.77; H, 6.64. Found: C, 67.86; 
H, 6.55. 

Intermediate 35: (1)-2-hydroXy-3-(5-hydroXy-8 
methoXy-1,2,3,4-tetrahydro-1,4-ethanonaphthalen-6 

yl)propyl 4-methylbenZenesulfonate 
[0176] Treatment of (:)-3-[5-(benZyloXy)-8-methoXy-1,2, 
3,4-tetrahydro-1,4-ethanonaphthalen-6-yl]-2-hydroXypro 
pyl 4-methylbenZenesulfonate (20.00 g, 38.3 mmol) With 
palladium on carbon (10 Wt. %, 2.0 g) generally according 
to the procedure described for Intermediate 4 provided 15.18 
g (92%) of (:)-2-hydroXy-3-(5-hydroXy-8-methoXy-1,2,3,4 
tetrahydro-1,4-ethanonaphthalen-6-yl)propyl 4-methylben 
Zenesulfonate as a broWn oil. Anal. calcd. for C23H28O6S: C, 
63.34; H, 6.56. Found: C, 62.98; H, 6.66. 

Intermediate 36: (:)-(5-methoXy-2,3,6,7,8,9 
heXahydro-6,9-ethanonaphtho[1,2-b]furan-2-yl)m 

ethyl 4-methylbenZenesulfonate 

[0177] Treatment of (:)-2-hydroXy-3-(5-hydroXy-8-meth 
oXy-1,2,3,4-tetrahydro-1,4-ethanonaphthalen-6-yl)propyl 
4-methylbenZenesulfonate (15.14 g, 35.0 mmol) With triph 
enylphosphine (10.10 g, 38.5 mmol) folloWed by diethyla 
ZodicarboXylate (6.71 g, 38.5 mmol) generally according to 
the procedure described for Intermediate 5 afforded 10.9 g 
(75%) of (:)-(5-methoXy-2,3,6,7,8,9-heXahydro-6,9-etha 
nonaphtho[1,2-b]furan-2-yl)methyl 4-methylbenZene 
sulfonate as a White solid. mp 136-141° C.; Anal. calcd. for 
C23H26O5S: C, 66.64; H, 6.32. Found: C, 66.53; H, 6.51. 

Intermediate 37: 2-allyl-4-chloro-1-naphthol 

[0178] To a solution of 4-chloro-1-naphthanol (17.8 g, 
0.10 mol) in N,N-dimethylformamide (600 mL) Was added 
sodium hydride (4.4 g, 0.11 mol) and the mixture Was stirred 
for 30 min. Allyl bromide (14.5 g, 0.12 mol) Was added and 
the reaction miXture Was alloWed to stir at room temperature 
for 20 h. The solvent Was removed in vacuo and the residue 
Was diluted With ethyl acetate (500 mL), Washed With Water 
(2><250 mL), saturated aqueous sodium chloride (250 mL), 
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dried (sodium sulfate) and concentrated to a broWn oil. The 
oil Was re-dissolved in mesitylene (1000 mL) and heated at 
re?ux for 24 h. The reaction mixture Was allowed to cool to 
room temperature and the solvent Was removed in vacuo to 
provide a crude oil. Puri?cation by ?ash chromatography 
(silica, hexanes) afforded 20.0 g (91%) of 2-allyl-4-chloro 
1-naphthol as a White solid. mp 55-57° C.; Anal. calcd. for 
C13H11ClO: C, 71.40; H, 5.07. Found: C, 71.26; H, 5.15. 

Intermediate 38: (:)-3-[1-(benZyloxy)-4-chloro-2 
naphthyl]propane-1,2-diol 

[0179] To a solution of 2-allyl-4-chloro-1-naphthol (20.0 
g, 0.091 mol) in N,N-dimethylformamide (700 mL) Was 
added sodium hydride (60 Wt. %, 4.39 g, 0.11 mol) and the 
reaction mixture Was alloWed to stir at room temperature for 
30 min. BenZyl bromide (18.8 g, 0.11 mol) Was then added 
and the reaction mixture Was alloWed to stir at room tem 
perature for 2 h. The solvent Was removed in vacuo to 
provide a crude oil. The residue Was re-dissolved in ethyl 
acetate (500 mL) and the organic layer Was Washed With 
Water (2><250 mL), saturated aqueous sodium chloride (250 
mL), dried (sodium sulfate) and the solvent Was removed in 
vacuo to provide a crude oil. Puri?cation by ?ash column 
chromatography (silica, dichloromethane:hexanes 1:4) pro 
vided 23.0 g (82%) of 2-allyl-1-(benZyloxy)4-chloronaph 
thalene as a light broWn oil. Treatment of the benZyl ether 
With AD-mix-ot (104.3 g) generally according to the proce 
dure described for Intermediate 2 afforded 24.0 g (94%) of 
(:)-3-[1-(benZyloxy)-4-chloro-2-naphthyl]propane-1,2-diol 
as a White solid. mp 69-71° C.; Anal. calcd. for C2OH19ClO: 
C, 70.07; H, 5.59. Found: C, 68.01; H, 5.47. 

Intermediate 39: (:)-3-[1-(benZyloxy)-4-chloro-2 
naphthyl]-2-hydroxypropyl 4-methylbenZene 

sulfonate 

[0180] Treatment of (:)-3-[1-(benZyloxy)-4-chloro-2 
naphthyl]propane-1,2-diol (24 g, 0.07 mol) With p-toluene 
sulfonyl chloride (14 g, 0.074 mol) in pyridine (600 mL) 
generally according to the procedure described for Interme 
diate 18 gave 27.9 g (80%) of (:)-3-[1-(benZyloxy)-4 
chloro-2-naphthyl]-2-hydroxypropyl 4-methylbenZene 
sulfonate as a White solid. mp 85-87° C.; Anal. calcd. for 
C27H25ClO5S: C, 65.25; H, 5.07. Found: C, 65.37; H, 4.97. 

Intermediate 40: (:)-benZyl (5-chloro-2,3-dihy 
dronaphtho[1,2-b]furan-2-yl)methylcarbamate 

[0181] Treatment of (:)-1-(5-chloro-2,3-dihydronaphtho 
[1,2-b]furan-2-yl)methanamine (0.83 g, 3.07 mmol) With 
diisopropylethylamine (1.20 g, 9.28 mmol) folloWed by 
benZyl chloroformate (0.79 g, 4.60 mmol) generally accord 
ing to the procedure described for Intermediate 7 provided 
1.00 g (89%) of (:)-benZyl (5-chloro-2,3-dihydronaphtho[1, 
2-b]furan-2-yl)methylcarbamate as a White solid. mp 117 
119° C.; Anal. calcd. for C21H18ClNO3.0.5H2O: C, 66.93; 
H, 5.08; N, 3.72. Found: C, 66.81; H, 4.96; N, 3.67. 

Intermediate 41: (:)-methyl (5-chloro-2,3-dihy 
dronaphtho[1,2-b]furan-2-yl)methylcarbamate 

[0182] Treatment of (:)-(5-chloro-2,3-dihydronaphtho[1, 
2-b]furan-2-yl)methylamine (2.60 g, 9.62 mmol) With diiso 
propylethylamine (3.73 g, 28.85 mmol) and methyl chloro 
formate (1.36 g, 9.62 mmol) generally according to the 
procedure described for Intermediate 7 afforded 2.60 g 
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(93%) of (:)-methyl (5-chloro-2,3-dihydronaphtho[1,2-b] 
furan-2-yl)methylcarbamate as a White solid. mp 128-130° 
C.; Anal. calcd. for C15H14ClNO3: C, 61.76; H, 4.84; N, 
4.80. Found: c, 61.43; H, 4.87; N, 4.68. 

Intermediate 42: 
1 -(allyloxy)-4-chloro-2-methoxybenZene 

[0183] Treatment of 4-chloro-2-methoxyphenyl (40.00 g, 
0.25 mol) in N,N-dimethylformamide (600 mL) With 
sodium hydride (60 Wt. %, 12.0 g, 0.30 mol,) folloWed by 
allyl bromide (40.54 g, 0.34 mol) generally according to the 
procedure described for Intermediate 37 afforded 50.0 g 
(99%) of 1-(allyloxy)-4-chloro-2-methoxybenZene as a light 
broWn oil. 1H NMR (CDCl3) 8H 6.80 (m, 3H); 6.08 (m, 1H); 
5.35 (dd, 2H); 4.60 (dd, 2H); 3.85 (s, 3H). 

Intermediate 43: 2-allyl-4-chloro-6-methoxyphenyl 

[0184] Treatment of 1-(allyloxy)-4-chloro-2-methoxyben 
Zene (50 g, 0.25 mol) in re?uxing mesitylene (1500 mL) 
generally according to the procedure described for Interme 
diate 1 provided 44.7 g (89%) of 2-allyl-4-chloro-6-meth 
oxyphenyl as a pale yelloW oil. 1H NMR (CDCl3) 6H 6.78 
(m, 2H); 6.00 (m, 1H); 5.65 (s, 1H); 5.10 (m, 2H); 3.85 (s, 
3H); 3.40 (dd, 2H). 

Intermediate 44: 2-allyl-4-chloro-6-methoxyphenyl 
tri?uoromethanesulfonate 

[0185] To a solution of 2-allyl-4-chloro-6-methoxyphenyl 
(24.8 g, 0.125 mol) in dichloromethane (500 mL) cooled to 
0° C. Was added diisopropylethylamine (28.3 mL 0.162 mol) 
folloWed by tri?uoromethanesulfonic anhydride (45.8 g, 
0.162 mol) and the reaction mixture Was alloWed to stir at 
room temperature for 2 h. The reaction mixture Was diluted 
With dichloromethane (500 mL) and the organic layer Was 
Washed With aqueous hydrogen chloride (1.0 N, 2><500 mL), 
saturated aqueous sodium bicarbonate (500 mL), and satu 
rated aqueous sodium chloride (500 mL), dried (sodium 
sulfate) and the solvent removed in vacuo to provide a crude 
oil. Puri?cation by ?ash column chromatography (silica, 
hexanes) gave 30.0 g (75%) of 2-allyl-4-chloro-6-methox 
yphenyl tri?uoromethanesulfonate as a pale yelloW oil. 1H N 
(CDCl3) 6H 6.90 (s, 2H); 5.90 (m, 1H); 5.20 (m, 2H); 3.90(s, 
3H); 3.45 (dd, 2H). 

Intermediate 45: 6-chloro-4-methoxyindane 

[0186] To 9-borabicyclo[3.3.1]nonane (130 mL, 0.5 M in 
tetrahydrofuran) cooled to 0° C. Was added 2-allyl-4-chloro 
6-methoxyphenyl tri?uoromethanesulfonate (16.5 g, 0.050 
mol) in tetrahydrofuran (100 mL), dichloro[1,1‘-bis(diphe 
nylphosphino)ferrocene]palladium(II) dichloromethane 
adduct (1.5 g, 1.84 mmol), and potassium phosphate (16.0 g, 
0.075 mol) and the reaction mixture Was heated at re?ux for 
20 h. The reaction mixture Was alloWed to cool to room 

temperature and aqueous sodium hydroxide (2.5 N, 30 mL) 
Was added folloWed by hydrogen peroxide (30 Wt. %, 25 
mL) and stirring Was continued for 1 h. The solvent Was 
removed in vacuo to provide a crude oil. Puri?cation by 
?ash column chromatography (silica, hexanes) provided 6.2 
g (68%) of 6-chloro-4-methoxyindane as a White solid. mp 
38-40° C.; Anal. calcd. for CloHllClO: C, 65.76; H, 6.07. 
Found: C, 66.08; H, 6.11. 

Intermediate 46: 6-chloroindan-4-ol 

[0187] To 6-chloro-4-methoxyindane (12.0 g, 0.072 mol) 
Was added hydrogen bromide (30 Wt. % in acetic acid, 325 
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mL) and the reaction mixture Was stirred at 50° C. for 24 h. 
The reaction mixture Was cooled to room temperature and 
diluted With ethyl acetate (750 mL), Washed With Water 
(3><500 mL), saturated aqueous sodium bicarbonate (2><500 
m/L), saturated aqueous sodium chloride (500 mL), dried 
(sodium sulfate) and the solvent Was removed in vacuo to 
provide a broWn oil. Puri?cation by ?ash column chroma 
tography (silica, dichloromethane) provided 10.5 g (80%) of 
6-chloroindan-4-ol as a pale yelloW solid. mp 56-59° C.; 
Anal. calcd. for C9H9ClO.0.2H2O: C, 62.77; H, 5.50. 
Found: C, 62.75; H, 5.26. 

Intermediate 47: 4-(allyloXy)-6-chloroindane 

[0188] Treatment of 6-chloro-4-indanol (6.5 g, 0.0385 
mol) With sodium hydride (2.12 g, 0.053 mol) folloWed by 
allyl bromide (6.99 g, 0.058 mol) generally according to the 
procedure described for Intermediate 37 provided 4-(ally 
loXy)-6-chloroindane a broWn oil. 1H NMR (CDCl3) 0H 6.82 
(s, 1H); 6.62 (s, 1H); 6.00 (m, 1H); 5.40 (dd, 1H); 5.30 (dd, 
1H); 4.50 (dd, 2H); 2.90 (t, 2H); 2.85 (t, 2H); 2.10(m, 2H). 

Intermediate 48: 5-allyl-6-chloroindan-4-ol 

[0189] Treatment of 4-(allyloXy)-6-chloroindane (8.0 g, 
0.038 mol) in re?uxing mesitylene (270 mL) generally 
according to the procedure described for Intermediate 1 
afforded 4.5 g (56%) of 5-allyl-6-chloroindan-4-ol as a 
colorless oil Which solidi?ed into a White solid upon stand 
ing. mp 37-39° C.; Anal. calcd. for C12H13ClO.0.1H2O: C, 
68.48; H, 6.32. Found: C, 68.54; H, 6.29. 

Intermediate 49: 
5-allyl-4-(benZyloXy)-6-chloroindane 

[0190] Treatment of 5-allyl-6-chloroindan-4-ol (4.5 g, 
0.0216 mol) With sodium hydride (60 Wt. %, 1.32 g, 0.033 
mol) folloWed by benZyl bromide (6.0 g, 0.035 mol) gen 
erally according to the procedure described for Intermediate 
38 gave 5.76 g (89%) of 5-allyl-4-(benZyloXy)-6-chloroin 
dane as a colorless oil. 1H NMR (CDCl3) 8H 7.40 (m, 5H); 
7.05 (s, 1H); 6.00 (m, 1H); 5.00(m, 2H); 4.90 (s, 2H); 3.53 
(dd, 2H); 2.90 (m, 4H); 2.05 (m, 2H). 

Intermediate 50: (:)-3-[4-(benZyloXy)-6-chloro-2,3 
dihydro-1H-inden-5-yl]propane-1,2-diol 

[0191] Treatment of 5 -allyl-4-(benZyloXy)-6-chloroindane 
(5.76 g, 0.0193 mol) With AD-miX-ot (27.0 g) generally 
according to the procedure described for Intermediate 2 gave 
5 .76 g (91%) of (:)-3-[4-(benZyloXy)-6-chloro-2,3-dihydro 
1H-inden-5-yl]propane-1,2-diol as a White solid. mp 101 
104° C.; Anal. calcd. for C19H21O3Cl: C, 68.57; H, 6.36. 
Found: C, 68.24; H, 6.33. 

Intermediate 51: (:)-3-[4-(benZyloXy)-6-chloro-2,3 
dihydro-1H-inden-5-yl]-2-hydroXypropyl 4-methyl 

benZenesulfonate 

[0192] Treatment of (:)-3-[4-(benZyloXy)-6-chloro-2,3 
dihydro-1H-inden-5-yl]propane-1,2-diol (5.60 g, 0.0168 
mol) With p-toluenesulfonyl chloride (3.70 g, 0.0194 mol) in 
pyridine (200 mL) generally according to the procedure 
described for Intermediate 18 provided 6.30 g (77%) of 
(:)-3-[4-(benZyloXy)-6-chloro-2,3-dihydro-1H-inden-5-yl] 
2-hydroXypropyl 4-methylbenZenesulfonate as a light yel 
loW oil. 1H NMR (DMSO-d6) 8H 7.65(d, 2H); 7.40(m, 7H); 
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7.05(s, 1H); 5.25(s, 1H); 4.90(s, 2H); 3.80(m, 3H); 2.90(m, 
2H); 2.80(m, 3H); 2.65(dd, 1H); 2.40(s, 3H); 2.00(m, 2H). 

Intermediate 52: (:)-3-(6-chloro-4-hydroXy-2,3 
dihydro-1H-inden-5-yl)-2-hydroXypropyl 4-methyl 

benZenesulfonate 

[0193] Treatment of (:)-3-[4-(benZyloXy)-6-chloro-2,3 
dihydro-1H-inden-5-yl]-2-hydroXypropyl 4-methylbenZe 
nesulfonate (6.30 g, 0.013 mol) With palladium on carbon (5 
Wt. %, 0.51 g) and hydrogen chloride (3.4 mL, 4 M in 
isopropanol) generally according to the procedure described 
for Intermediate 4 afforded 4.7 g (91%) of (:)-3-(6-chloro 
4-hydroXy-2,3-dihydro-1H-inden-5-yl)-2-hydroXypropyl 
4-methylbenZenesulfonate as a light yelloW solid. mp 125 
127° C.; Anal. calcd. for C19H21ClO5S.0.1H2O: C, 57.24; H, 
5.36. Found: C, 56.92; H, 5.23. 

Intermediate 53: (:)-(4-chloro-3,6,7,8-tetrahydro 
2H-indeno[4,5-b]furan-2-yl)methyl 4-methylbenZe 

nesulfonate 

[0194] Treatment of (:)-3-(6-chloro-4-hydroXy-2,3-dihy 
dro-1H-inden-5-yl)-2-hydroXypropyl 4-methylbenZene 
sulfonate (4.7 g, 0.012 mol) With triphenylphosphine (4.64 
g, 0.018 mol) and diisopropylaZodicarboXylate (3.57 g, 
0.018 mol) generally according to the procedure described 
for Intermediate 5 gave 4.09 g (91%) of (:)-(4-chloro-3,6, 
7,8-tetrahydro-2H-indeno[4,5-b]furan-2-yl)methyl 4-meth 
ylbenZenesulfonate as a White solid. mp 95-97° C.; Anal. 
calcd. for C19H19ClO4S: C, 60.23; H, 5.05. Found: C, 60.12; 
H, 4.97. 

Intermediate 54: (:)-benZyl (4-chloro-3,6,7,8-tet 
rahydro-2H-indeno[4,5-b]furan-2-yl)methylcarbam 

ate 

[0195] Treatment of (1)-1-(4-chloro-3,6,7,8-tetrahydro 
2H-indeno[4,5-b]furan-2-yl)methanamine (1.11 g, 4.27 
mmol) With diisopropylethylamine (1.65 g, 12.8 mmol) 
folloWed by benZyl chloroformate (0.87 g, 5.12 mmol) 
generally according to the procedure described for Interme 
diate 7 provided 1.5 g (98%) of (:)-benZyl (4-chloro-3,6,7, 
8-tetrahydro-2H-indeno[4,5-b]furan-2-yl)methylcarbamate 
as a White solid. mp 127-130° C.; Anal. calcd. for 

c20H20c1No3; c, 67.13; H, 5.63; N, 3.91. Found: c, 67.03; 
H, 5.42; N, 3.80. Chiral HPLC separation of (:)-benZyl 
(4-chloro-3,6,7,8-tetrahydro-2H-indeno[4,5-b]furan-2-yl 
)methylcarbamate (Chiralcel OD, methanol:Water 9:1) pro 
vided tWo fractions. Fraction 1 (Rt=12.714 min Chiralcel 
OD, methanol:Water 9:1); Fraction 2 (Rt=16.644 min, 
Chiralcel OD, methanol:Water 9:1). 

Intermediate 55: (:)-methyl (4-chloro-3,6,7,8-tet 
rahydro-2H-indeno[4,5-b]furan-2-yl)methylcarbam 

ate 

[0196] Treatment of (1)-1-(4-chloro-3,6,7,8-tetrahydro 
2H-indeno[4,5-b]furan-2-yl)methanamine hydrochloric salt 
(0.60 g, 2.3 mmol) With diisopropylethylamine (0.89 g, 6.9 
mmol) and methyl chloroformate (0.44 g, 4.6 mmol) gen 
erally according to the procedure described for Intermediate 
7 provided 0.6 g of (:)-methyl (4-chloro-3,6,7,8-tetrahydro 
2H-indeno[4,5-b]furan-2-yl)methylcarbamate as White 
solid. mp 139-141° C.; Anal. calcd. for C14H16ClNO3: C, 
59.68; H, 5.72, N, 4.97. Found: c, 58.99; H, 5.72, N, 4.86. 
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Intermediate 56: (:)-3-[2-(benZyloxy)-5-chloro-3 
methoxyphenyl]propane-1,2-diol 

[0197] Treatment of 2-allyl-4-chloro-6-methoxyphenyl 
(20.0 g, 0.1 mol) With sodium hydride (4.7 g, 0.117 mol) and 
benZyl bromide (22.3 g, 0.13 mol) generally according to the 
procedure described for Intermediate 38 provided 28.0 g of 
1-allyl-2-(benZyloxy)-5-chloro-3-methoxybenZene as a pale 
yellow oil. Treatment of the benZyl ether With AD-mix-ot 
(132.0 g) generally according to the procedure described for 
Intermediate 2 afforded 20.2 (65%) g of (:)-3-[2-(benZy 
loxy)-5-chloro-3-methoxyphenyl]propane-1,2-diol as a 
White solid. mp. 65-68° C.; Anal. calcd. for C17H19ClO4: C, 
63.26; H, 5.93. Found: C, 75.17; H, 6.31. 

Intermediate 57: (:)-(5-chloro-7-methoxy-2,3-dihy 
dro-1-benZofuran-2-yl)methyl 4-methylbenZene 

sulfonate 

[0198] Treatment of (:)-3-[2-(benZyloxy)-5-chloro-3 
methoxyphenyl]propane-1,2-diol (32.28 g, 0.1 mol) With 
p-toluenesulfonyl chloride (21 g, 0.11 mol) in pyridine 
(1000 mL) generally according to the procedure described 
for Intermediate 18 provided (1)-3-[2-(benZyloxy)-5-chloro 
3-methoxyphenyl]-2-hydroxypropyl 4-methylbenZene 
sulfonate. Treatment of the tosylate With palladium on 
carbon (5 Wt. %, 2.32 g) and hydrogen chloride (19 mL, 4.0 
M in isopropanol) generally according to the procedure 
described for Intermediate 4 gave (:)-3-(5-chloro-2-hy 
droxy-3-methoxyphenyl)-2-hydroxypropyl 4-methylbenZe 
nesulfonate. Treatment of the phenyl With triphenylphos 
phine (23.6 g, 0.09 mol) and diisopropyl aZodicarboxylate 
(18.2 g, 0.09 mol) generally according to the procedure 
described for Intermediate 5 gave 28.2 g (76%) of (:)-(5 
chloro-7-methoxy-2,3-dihydro-1-benZofuran-2-yl)methyl 
4-methylbenZenesulfonate as a pale yelloW solid. mp 
99-102° C.; Anal. calcd. for C17H17ClO5S: C, 55.36; H, 
4.65. Found: C, 55.35; H, 4.62. 

Intermediate 58: (:)-(6-allyl-5-chloro-7-hydroxy-2, 
3-dihydro-1-benZofuran-2-yl)methyl 4-methylbenZe 

nesulfonate 

[0199] Treatment of (:)-(5-chloro-7-methoxy-2,3-dihy 
dro-1-benZofuran-2-yl)methyl 4-methylbenZenesulfonate 
(22.1 g, 0.06 mol) With hydrogen bromide (30 Wt. % in 
acetic acid, 400 mL) folloWed by potassium carbonate (4.15 
g, 0.03 mol) provided (1)-(5-chloro-7-hydroxy-2,3-dihydro 
1-benZofuran-2-yl)methyl 4-methylbenZenesulfonate as a 
broWn oil. Treatment of the phenyl With sodium hydride (3.2 
g, 0.053 mol) and allyl bromide (6.4 g, 0.053 mol) generally 
according to the procedure described for Intermediate 37 
afforded (1)-[7-(allyloxy)-5-chloro-2,3-dihydro-1-benZofu 
ran-2-yl]methyl 4-methylbenZenesulfonate. Treatment of 
the allyl ether in re?uxing mesitylene (250 mL) generally 
according to the procedure described for Intermediate 1 
afforded 4.5 g (19%) of (1)-(6-allyl-5-chloro-7-hydroxy-2, 
3-dihydro-1-benZofuran-2-yl)methyl 4-methylbenZene 
sulfonate as a pale yelloW solid. mp 128-131° C.; Anal. 
calcd. for C19H19ClO5S: C, 57.79; H, 4.85. Found: C, 58.28; 
H, 4.68. 

Intermediate 59: (:)-(5-chloro-3,6,7,8-tetrahydro 
2H-indeno[4,5-b]furan-2-yl)methyl 4-methylbenZe 

nesulfonate 

[0200] Treatment of (1)-(6-allyl-5-chloro-7-hydroxy-2,3 
dihydro-1-benZofuran-2-yl)methyl 4-methylbenZene 
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sulfonate (4.5 g, 11.4 mmol) With diisopropylethylamine 
(2.18 mL, 12.5 mmol) folloWed by tri?uoromethanesulfonic 
anhydride (2.11 g, 12.5 mmol) generally according to the 
procedure described for Intermediate 44 gave 4.8 g (81%) of 
(:)-(6-allyl-5-chloro-7-{[(tri?uoromethyl)sulfonyl]oxy}-2, 
3-dihydro-1-benZofuran-2-yl)methyl 4-methylbenZene 
sulfonate as a broWn oil. Treatment of the tri?ate With 
9-borabicyclo[3.3.1]nonane (25 mL, 0.5 M in tetrahydrofu 
ran) folloWed by dichloro[1,1‘-bis(diphenylphosphino)fer 
rocene]palladium(II) dichloromethane adduct (0.3 g, 0.37 
mmol), and potassium phosphate (2.96 g, 13.9 mmol) gen 
erally according to the procedure described for Intermediate 
45 afforded 1.4 g (40%) of (:)-(5-chloro-3,6,7,8-tetrahydro 
2H-indeno[4,5-b]furan-2-yl)methyl 4-methylbenZene 
sulfonate as a White solid. mp 82-84° C.; Anal. calcd. for 
C19H19ClO4S: C, 60.23; H, 5.05. Found: C, 60.59; H, 5.06. 

Intermediate 60: (:)-benZyl (5-chloro-3,6,7,8-tet 
rahydro-2H-indeno[4,5-b]furan-2-yl)methylcarbam 

ate 

[0201] Treatment of (1)-1-(5-chloro-3,6,7,8-tetrahydro 
2H-indeno[4,5-b]furan-2-yl)methanamine (0.51 g, 1.96 
mmol) With diisopropylethylamine (0.76 g, 5.88 mmol) 
folloWed by benZyl chloroformate (0.50 g, 2.94 mmol) 
generally according to the procedure described for Interme 
diate 7 provided 0.58 g (84%) of (:)-benZyl (5-chloro-3,6, 
7,8-tetrahydro-2H-indeno[4,5-b]furan-2-yl)methylcarbam 
ate as a White solid. mp 118-121° C.; Anal. calcd. for 

C2OH2OClNO3: C, 67.13; H, 5.63; N, 3.91. Found: C, 66.95; 
H, 5.93; N, 3.82. Chiral HPLC separation of (:)-benZyl 
(5-chloro-3,6,7,8-tetrahydro-2H-indeno[4,5-b]furan-2-yl 
)methylcarbamate (Chiralpak AD, hexane:isopropanol 9:1) 
provided tWo fractions. Fraction 1 (Rt=11.191 min, Chiral 
pak AD, hexane:isopropanol 9:1); Fraction 2 (Rt=12.735 
min, Chiralpak AD, hexane:isopropanol 9:1). 

EXAMPLE 1 

(1)-1-(3,6,7,8-tetrahydro-2H-indeno[4,5-b]furan-2 
yl)methanamine 

[0202] To a solution of (:)-3,6,7,8-tetrahydro-2H-indeno 
[4,5-b]furan-2-ylmethanol (0.500 g, 2.63 mmol) in tetrahy 
drofuran (25 mL) Was added triphenylphoshine (1.03 g, 3.94 
mmol), phthalimide (0.58 g, 3.94 mmol) folloWed by diethy 
laZodicarboxylate (0.687 g, 3.94 mmol) and the reaction 
mixture Was alloWed to stir at room temperature for 12 h. 
The reaction Was quenched by the addition of Water (5 mL) 
and the solvent Was removed in vacuo. Puri?cation by ?ash 
column chromatography (silica, ethyl acetate:hexanes 1:3) 
provided 0.65 g of (:)-2-(3,6,7,8-tetrahydro-2H-indeno[4,5 
b]furan-2-ylmethyl)-1H-isoindole-1,3(2H)-dione as a White 
solid (mp 131-135° C.). The solid Was re-dissolved in 
methanol (10 mL) and hydraZine monohydrate (0.153 g, 
3.06 mmol) Was added to the reaction mixture. The reaction 
mixture Was heated at re?ux for 12 h, concentrated hydrogen 
chloride (12.1 M, 3 mL) Was added and heating Was con 
tinued for an additional 1 h. The reaction mixture Was cooled 
to room temperature and diluted With Water (150 mL) and 
aqueous sodium hydroxide (2.5 N, 10 mL). The reaction 
mixture Was extracted With ethyl acetate (2><75 mL) and the 
combined organic layers Were dried (magnesium sulfate) 
and the solvent Was removed in vacuo. Puri?cation by ?ash 
column chromatography (silica, 10% aqueous ammonium 


























